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PREFACE

In 1987, the California State Legislature mandated the Department of Insurance and the

Department of Conservation to examine critical issues related to the provision of earthquake

insurance in California. The Department of Conservation's principal role in the mandate was
to design a study to provide improved seismic hazard information to the public, local govern-

ment, and the insurance industry. It was immediately recognized that such a study would con-

sist of a long-term program, and that the principal objective of the mandate would be to design

a program that would be effective in meeting the information needs of those beneficiaries.

Consequently, a major effort was directed to defining the needs of the beneficiaries; in

essence, the appropriate products of such a program.

Our philosophy was that by careful definition of products and by understanding the process

within which they will become a part, and by this we mean addressing the important sociologi-

cal, economic, and political issues surrounding their use, the remaining tasks would become
clearly defined. These remaining tasks would constitute what is necessary to produce effective

products, and would result in the design of an effective program.

Earth science technology has developed rapidly, and there are many new tools and meth-

ods with which to better understand and communicate seismic hazard and risk. There are

many seismic hazard products that have been produced over the years, but most are not

meeting the needs of the intended beneficiaries because their development has followed the

more traditional path of research-to-product without adequate interaction with the end users.

It is hoped that the approach taken in this study, by emphasizing analysis of user needs, will

avoid these pitfalls and lead to the design of a viable program that will have a significant

impact or seismic hazard mitigation in California.

Charles R. Real

Project Manager
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Severe damage to an old motel caused by strong ground shaking during the 1983 Coalinga earthquake. Such damage is

very typical for unreinforced masonry structures (URM). Recent California law requires local government to prepare an
inventory of URM's within their jurisdiction in order to help identify those buildings that are in greatest need of seismic
retrofitting. Delineation of seismic hazards zones can help prioritize URM hazard mitigation programs. Photo by Charles
Real.



EXECUTIVE SUMMARY

The Department of Conservation's Division of Mines and Geology was directed by the Legis-

lature to design a program that will provide improved information on seismic hazards to the

public, local government, and the insurance industry. The study involved three principal tasks:

1) an assessment of the information needs of the beneficiaries, 2) identification of the methods
and technology required to produce the specific information desired, and 3) evaluation of the

adequacy of existing geoscience information needed to produce the products. Our conclusions

are summarized as follows:

• Improved seismic hazards information would be used by insurance companies,

local governments, and property owners. The data needs of each of these groups

are different but could be accommodated within a single program.

• A special study zone approach used to delineate severe ground shaking, liquefac-

tion, and landslide hazards may provide useful information to insurers, local gov-

ernments, and property owners. Seismic Hazards Studies Zones (SHSZs) would

provide local governments with a focused policy instrument for improving safety of

development. Disclosure to prospective property purchasers of SHSZs would assist

the real estate market in setting more appropriate prices for properties in hazard-

ous areas and support local governments' desire to discourage development in

hazardous areas. Finally, the insurers' desire for identifying relative levels of haz-

ard severity would be supported by maps and information which delineate the

extreme high-hazard areas.

• A SHSZ program should include the following components: (1) delineating of high-

hazard areas, (2) requiring local governments to make SHSZs part of general plan-

ning and land suitability determinations, (3) conditioning all development within

SHSZs on completion of special site studies which detail the hazard and mitigation,

and (4) requiring early disclosure to prospective property purchasers of the exis-

tence of SHSZs.

• Other hazard zone measures may be adopted which will enhance the effectiveness

of a SHSZ program. These measures include: (1) conditioning future State disaster

assistance on adoption of mitigation planning and hazard reduction measures by

local government, (2) establishing provisions for assessments or fees in SHSZs,

and (3) requiring adoption of reconstruction ordinances.

• General methods are available to delineate, on a statewide basis, the existence

of ground shaking, liquefaction, and landslide hazards. There exists a wealth of pri-

vate and public data which can be cost-effectively employed to support mapping

these hazards.

• Delineation of hazards by the State is: (1) consistent with protecting the State's

interests, (2) efficiently accomplished by a State level organization, and (3)

ensures coordination between jurisdictions.

IX





CHAPTER ONE—INTRODUCTION

Chapter 1112, Statutes of 1987 directed the Department

of Insurance and the Department of Conservation, Divi-

sion of Mines and Geology (DMG), to undertake various

activities regarding the issuance of earthquake insurance,

geologic hazards investigation, and an assessment of the

dollar exposure of insurance companies operating in Cali-

fornia. The Division of Mines and Geology was specifi-

cally directed to prepare an urban geological hazards

mapping study to:

• "improve the information available to property

owners, local governments, and to the insurance

industry regarding geologic-seismic hazards and on

the severity and likelihood of ground shaking and

related secondary hazards such as liquefaction and

slope failure."

To address this requirement, the DMG initiated several

activities to:

• Perform an analysis of the need for improved

geologic hazards information by local

governments, insurance companies, and property

owners,

• Identify methods of assessing earthquake-induced

geologic hazards, and

• Assess the adequacy of existing bore-hole data

collected by public agencies and geotechnical

consultants.

This report presents the findings from these activities,

and makes recommendations affecting the design of an

Urban Seismic Hazards Mapping Program (USHMP).

INFORMATION NEEDS

This seismic information needs analysis was initiated

by issuing a contract for a policy analyst to assist staff in

collecting and analyzing information. The policy analyst

was requested to: (1) identify specific entities and poten-

tial uses of products to reduce future earthquake losses,

(2) analyze existing policies and procedures of principal

users and make policy recommendations for effective

implementation of USHMP products, (3) identify and

make recommendations to resolve product development

and implementation issues, (4) assess cost-effectiveness,

and (5) assist in program development, including a pro-

grammatic description, an action plan, budget change pro-

posal, necessary legislation, and identification of funding

sources. This report includes the results of the policy

analysis work outlined by DMG.

METHODOLOGY

The methodology used to assess uses, values, and pol-

icy issues includes:

• Literature review-insurance risk estimation and

uses of geologic hazard information by local

government and the public.

• Review of seismic safety and safety elements in

several local government general plans.

• Review of selected loss estimation methods for

insurance.

• A survey of insurance industry officials.

• Interviews with local government personnel.

• Analysis of interviews and survey responses for the

type and quality of information requested as well

as the congruence of needs between users.

ORGANIZATION

Chapter Two outlines the background problems and

issues surrounding the use of geologic hazard informa-

tion. The chapter discusses earthquake insurance status

in California, local government planning and building

department functions and seismic safety, and informa-

tion on public information, disclosure, and emergency

preparedness.

Chapter Three details the current and anticipated uses

of geologic hazard information by insurance companies

and earthquake insurance risk consultants. In addition,

this section discusses the results of surveys of insurance

companies and informal interviews conducted with indus-

try personnel.

Chapter Four reviews recent research on uses of

geohazard information by local governments and property

owners. The results of interviews with planners, building

officials, and property owner organizations are discussed.

In addition, the chapter outlines three exemplary local

government programs that translate geohazards informa-

tion into hazards reduction measures.

Chapter Five discusses the programmatic and policy

implications of our data collection activities with insur-

ance companies, local governments, and property owners.

Several hazard zone measures suggested by our review
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of current practices are discussed. The issues of state

accountability for hazard reduction, inverse condemna-

tion, potential changes in property values, and adverse

selection are discussed. In addition, parameters for

deciding on the appropriate level of effort and funding

for a seismic hazards studies zone program are provided.

Chapter Six contains a discussion of methods and data

requirements for hazard assessment, particularly for Seis-

mic Hazards Studies Zones. This chapter also lists data

sources that are available and that can make a hazard

zoning program economically feasible. Following Chap-

ter Six is a reference section of materials consulted

during the preparation of this report. Finally, a set of

appendices provides additional detail and background

materials.
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Liquefaction during the 1971 San Fernando earthquake caused serious damage to a Los Angeles County Juvenile Hall

Facility. Prior knowledge of hazard potential can permit mitigation by site remediation or foundation design. Photo by

Charles Real.
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CHAPTER TWO—BACKGROUND

This chapter outlines the background problems and

issues regarding earthquake hazards and the insurance

industry, planning and building departments, and various

other users or potential users of geological hazards infor-

mation. The chapter discusses the uses of seismic hazards

data in (1) the California earthquake insurance market, (2)

local government planning and building department func-

tions, and (3) public information efforts, such as disclo-

sure to prospective property purchasers, and emergency

preparedness activities.

EARTHQUAKE INSURANCE PROBLEMS,
ISSUES, AND CURRENT STATUS

Damaging earthquakes, like other natural hazards,

pose difficult problems for the insurance industry. They

occur rarely, unpredictably, and have the potential to in-

flict calamitous damage. In areas of relatively high seis-

micity like California, insurers must cope with two types

of potential losses: (1) annual losses, which result from

smaller but more frequent earthquakes, and (2) cata-

strophic losses which result from very large, but rare

events. Annual loss can be calculated based on the ex-

pected occurrence of various size earthquakes over a

period of several years or decades. To the extent that

there are annual probabilities associated with various

earthquakes, insurers are able to assess the potential for

annual loss. Errors in estimating annual losses, which,

by their nature, are small losses, are unlikely to threaten

an insurer.

Catastrophic losses generated by great earthquakes,

on the other hand, are likely to threaten the financial sol-

vency of insurers, banks, governments, and other institu-

tions. Also, because catastrophic earthquakes happen so

rarely, their annual probabilities are less estimable.

Between 1900 and 1987, 192 earthquakes of magnitude

5.5 or greater occurred within or near California. As

shown in Figure 2.1, the number of M5.5-6.5 earthquakes

is much greater than the number of M6.6-7.5 or M7.5 and

larger earthquakes. The cumulative area subjected to

damaging ground motion, however, is greater for larger

magnitude earthquakes even though the number of events

is much fewer. This result is expected because a unit

increase in the magnitude of an earthquake represents a

ten-fold increase in shaking amplitude and a thirty-fold

increase in energy, causing the area shaken at a given

level of severity to increase exponentially (Richter,1958).

In order to represent the cumulative areas affected by

various size earthquakes, we calculated the areas that

would experience damaging ground motion (Modified

Mercalli intensity VII or greater) 1 by each event detected

in California, western Nevada, and northern Baja Califor-

nia between 1900 and 1987. The measure of cumulative

areas damaged was calculated using an empirical relation

between magnitude MMI and VIF and represents, in a

general way, the area of exposure to damaging earth-

quakes between 1900 and 1987. Note that these cumula-

tive areas encompass all areas within reach of strong

ground motion emanating from an earthquake, including

offshore and sparsely populated areas. Thus, these areas

tend to overstate the areas that would actually experience

damage. Nonetheless, they are useful in comparing the

relative amounts of damaged areas that are generated by

earthquakes of various magnitudes.

In addition to the problems of anticipating annual and

catastrophic earthquakes, there is also considerable uncer-

tainty regarding earthquake damage estimation. These

uncertainties result from the many variables that must be

assessed. There are uncertainties in earthquake fault

sources, patterns of shaking, site effects, building dam-

age, fault rupture, effects of collateral hazards (such as

liquefaction and landslides), and other loss conditions.

As a result of the manifold uncertainties in loss estima-

tion, a company offering earthquake coverage is faced

with the intransigent problem of assessing potential losses

in order to reserve sufficient funds to pay earthquake

coverage claims when an event occurs. In addition, in-

surance companies must try to anticipate claims to other

coverages that directly or indirectly result from an earth-

quake. Thus, even if a particular earthquake could be

accurately predicted as to its location, magnitude, and

broad time frame, there would still be considerable uncer-

tainty in loss estimation.

Based on our conversations with industry officials,

insurance companies are particularly concerned with

the potential for a catastrophic earthquake. Several

studies have been completed by the All-Industry Re-

search Advisory Council (AIRAC), an insurance-funded

research organization, in an attempt to address the cata-

strophic potential of a major or great earthquake in Cali-

fornia and catastrophic losses, generally. The AIRAC
reports provide estimates of earthquake losses under

workers' compensation, general liability insurance and

1 See Appendix B for definition of Modified Mercalli Intensity scale.

2 The relation was obtained from regressions performed by Toppozada ( 1975) on

intensity data for California and western Nevada earthquakes occurring be-

tween 1950 and 1971, relating magnitude to maximum reported intensity areas.

The relation for Modified Mercalli intensity VII levels of damage is given by:

Magnitude = 3.49 + S7 Log (Area).
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from fire following earthquake. The workers' compensa-

tion and general liability assessments published in

October 1988 projects that a M7.5 earthquake on the

Newport-Inglewood fault would result in insurance pay-

ments ranging from $9.5 to $19.7 billion, with the

most likely loss estimated at $14.6 billion (Friedman,

1988). The fire following earthquake study estimates that

fire losses in the Los AngeJes basin for a M6.5 Newport-

Inglewood earthquake would range from $13-$ 17 billion;

a M7.5 earthquake could generate approximately $24

billion in fire losses (Scawthorn, 1987). In the San Fran-

cisco Bay area, fire losses resulting from a M8.3 northern

San Andreas fault earthquake-a repeat of the 1906 San

Francisco earthquake-would range from $9 billion to $15

billion. The National Committee on Property Insurance

(NCPI), an association of property and casualty insurers,

estimates that residential and commercial property losses

due to direct shaking will be $13 billion and $1 1 billion

for events on the Newport-Inglewood and northern San

Andreas faults, respectively (see Table 2.1). Altogether,

the NCPI estimates that insurance losses from shaking

damage, fire following earthquake, workers' compensa-

tion and general liability associated with a single cata-

strophic earthquake in California could range from $30

billion to more than $50 billion.
1

1 We note that the NCPI loss estimates are highly sensitive to various assump-

tions regarding the earthquake scenario including the location and time of the

event, weather conditions, and resulting patterns of shaking and collateral

damage. It is possible to conceive of scenarios where losses could be greater

or less.
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Based on these estimates, a major earthquake in south-

ern or northern California could have wide-reaching

effects on the insurance industry. If the insured losses

were as high as these numbers suggest, insurers and rein-

surers might be expected to be affected in a number of

ways. Some insurers and reinsurers (companies which

insure a portion of the risk of primary insurance compa-

nies) would be:

• overwhelmed by the volume of losses and unable

to meet their claims obligations. The assets of

the companies would be liquidated but the losses

experienced by the insureds might go unpaid or

paid at levels below the adjusted claim amount.

• forced to liquidate a large amount of assets to

pay their claims. As a result, the stock and bond

markets could be flooded with securities and

bonds, depressing the price of these financial

instruments and temporarily drying up fund

sources for new security or bond issues.

• required to liquidate a portion of their assets to pay

outstanding claims but would otherwise be well-

positioned to pay the resulting claims.

In general, the insurance industry has coped with the

dilemma of catastrophic potential under uncertainty by

(1) ceding a portion of their earthquake risk to reinsurers,

(2) using high deductibles to reduce exposure to a cata-

strophic earthquake and to effectively discourage earth-

quake insurance purchases in certain areas, (3) attempt-

ing to assess the earthquake hazard more completely, and

(4) proposing federal legislation which would create a

federal earthquake insurance corporation.'

In California, earthquake insurance is available in two

different lines of coverage-personal and commercial.

Personal lines of earthquake insurance are made available

as endorsements to the policies sold to homeowners and

renters. Residential earthquake insurance is generally

available at a premium rate of $1.50-$2.00 per thousand

dollars of replacement value with a deductible ranging

from 5 to 20 percent, although the most common deduct-

ible seems to be 10 percent (U.S. Senate Committee on

Commerce, Science and Transportation, 1987). Since

January 1, 1985, insurance companies selling residential

insurance in California have been required to offer earth-

quake insurance when a new homeowner's or renter's

policy is written. Perhaps as a consequence of this

"mandated offer" and damaging earthquakes occurring in

1983, 1984, 1986 and 1987, total earthquake insurance

premiums earned have soared (see Figure 2.2). During

the period from 1983 to 1988, total earthquake premiums

have increased by more than $200 million (295 percent).

Concurrently, total losses rose by about $30 million.

The proposal, known as the Earthquake Project, is contained in a report

entitled "Catastrophic Earthquakes: The Need to Insure Against Economic

Disaster prepared" by the National Committee on Property Insurance. In sum-

mary, the proposal calls for (1) establishment of a federal earthquake insurance

corporation to insure federally-backed mortgages, and (2) a federal reinsurance

program.

Table 2. 1. Estimated insurance losses/exposures in southern and northern California (dollars in

billions).

ESTIMATED LOSS
Los Angeles Basin

Newport-lnglewood (M7.5):

Residential Property Damage $2.3

Commercial Property Damage 11.2

Fire Following 24.3

Workers' Compensation 4.5

General Liability 10.1

Totals $52.4

San Francisco Bay Area

San Andreas (M8.3):

Residential Property Damage $3.4

Commercial Property Damage 8.1

Fire Following 11.6

Workers' Compensation 2.4

General Liability 5.5

Totals $31.0

Sources: National Committee on Property Insurance. Catastrophic Earthquakes: The Need to Insure Against

Economic Disaster, March 1989. "Earthquakes and the Insurance Industry. Natural Hazards Observer.

November 1989.
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In 1987, the year of the Whittier Narrows earthquake,

insured losses were $47.6 million.
1 Although the Whittier

Narrows earthquake generated substantial claims, the

resulting losses were only about 23 percent of premiums

earned. Although final data are not yet available, esti-

mates of insured losses from the 1989 Loma Prieta earth-

quake are approximately $1.1 billion.
2 This estimate,

however, includes losses from fire, allied, homeowners

multiple peril, commercial peril, earthquake, inland ma-

rine, workers' compensation, general liability, auto physi-

cal damage and business interruption lines. In compari-

son, the total premiums earned and losses incurred by

all California fire, casualty, and allied lines were $30.9

billion and $20.4 billion, respectively. 3

The insurance industry appears to have responded to

the increased demand for earthquake insurance by raising

the deductible limits from 5 percent generally to 10 per-

cent or more beginning in 1985. The change in the de-

ductible levels reduced the overall catastrophic damage

levels, as measured by Probable Maximum Loss (PML)

estimates4 prepared by the Department of Insurance

(DOI). The change in the deductible levels appears to

have had a greater disincentive effect on commercial

earthquake insurance underwriting than on the residential

earthquake insurance market. As shown in Table 2.2,

while commercial PMLs fell by 8 percent between 1984

and 1987, residential PMLs increased by more than 100

percent. 5 Commercial PMLs declined dramatically from

1984 to 1985, probably due to increased deductibles and

reduced sales resulting from increasing insurance rates.

1 Underwriters' Report. Statistical Review Number. May 23, 1988.

2 "Quake Insured Losses Expected To Hit $1 Billion." Underwriters' Report.

December 14, 1989, p. 12.

3 Underwriters' Report. Statistical Review Number. May 25, 1989.

The PML is the expected structural damage dollar loss resulting from a mag-

nitude 8.3 earthquake and is based on expected damage loss ratios to various

building types. The Department of Insurance (DOI) annually requests infor-

mation from insurance companies doing business in California regarding the

number, type, and values of earthquake-insured buildings. The PML esti-

mate is used by the DOI as a means of evaluating the financial solvency of

an insurance company should a catastrophic earthquake occur.

Using the DOI's definition of PML, the PML from insured risks in the Los An-

geles area cannot be added to PMLs from San Francisco because we would not

expect two catastrophic earthquakes to occur simultaneously. PML, however,

may also be viewed as a measure of exposure. The total PML exposure to the

Los Angeles area in 1987 was $6.1 billion and the PML exposure to San Fran-

cisco was $4.4 billion. The total PML exposure in 1987 would be less than the

sum of southern and northern California PML exposures because of the small

conditional probability of two catastrophic earthquakes occurring. Over a long

enough period of time, however, both catastrophic earthquakes would occur

and the total PML exposure would be the sum of the PML exposures, or $10.5

billion.
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Table 2.2. Probable maximum Ic
*"'"

1986

fornia (dollars in millions).

Class &
Location 1984 1987

1985-87

% Change1985

Residential

Los Angeles

San Francisco

508

510

839

846
1,059

1,020

1,065

1,011

110

98

Totals 1,018 1,685 2,079 2,076 104

Commercial

Los Angeles

San Francisco

5,427

3,758

4,093

2,848

4,198

3,046

5,039

3,435

-7

-9

Totals 9,185 6,941 7,244 8,474 -8

Grand Totals 10,203 8,626 9,323 10,550 3

Source: Califorr

(Years

ia Department of Insurance. California Earthquake Zoning

correspond to year of business-year minus one.)

Maximum Loss Evaluation Program, 1988.

In summary, the effect of the mandated offer, notwith-

standing increases in deductibles, was to stimulate de-

mand for residential earthquake insurance between 1984

and 1986. This result is borne out in recent research con-

ducted regarding the earthquake insurance purchase deci-

sion.' The increase in deductibles and insurance rates

appears to have reduced the amount of commercial earth-

quake insurance coverage.

Although insurance companies' portfolios are taking up

more of the less volatile residential earthquake insurance

risk,
2
the premium cost of earthquake insurance as a per-

centage of total PML has more than doubled. While pre-

miums nearly triple between 1983 and 1987, total PMLs
have only risen by J percent (see Figure 2.3a).

3 As Fig-

ure 2.3b shows, tl.j total premiums earned as a percentage

of the total PML has more than doubled between 1983

and 1987, far in excess of the general inflation increase of

18 percent during the same period. Thus, for a given

level of catastrophic risk, the cost of earthquake insurance

has increased dramatically.

The increased cost of earthquake insurance may reflect

greater nervousness on the part of insurers, particularly

Palm. Risa. "Does a Mandated Insurance Offer Affect the Propensity to Pur-

chase Earthquake Insurance?" Paper presented to the Society for Risk Analysis

annual meeting, San Francisco, October 1989.

Residences, particularly wood-frame dwellings, are considered less vulnerable

to earthquake risk than commercial facilities.

Technically, PMLs and reported premiums-earned are not directly comparable.

While premiums are reported for earthquake insurance policies, per se. PMLs
also include earthquake-insured risks that are covered by other insurance lines

such as commercial and homeowners multiple perils. Thus, PMLs are a broader

measure than premiums-earned although it is not clear to what extent multiple

peril policies contribute to PML amounts. Nonetheless, we believe that the

trend of greater premium amounts per PML is basically correct.

with respect to commercial risks. In addition, the indus-

try, which is unable under California law to exclude cer-

tain residential risks, may be responding to increasing

residential exposures by limiting its commercial exposure,

using rates and deductibles as disincentives.

In response to the threat of a catastrophic earthquake,

insurers convened an international conference to discuss

various issues and problems concerning earthquake insur-

ance. The conference included sessions on the geological

and seismological considerations of earthquake exposure,

earthquake risk analysis, and insurance capacity. A sig-

nificant effort is being made, as was demonstrated at this

conference, to improve loss estimation methodologies.

The 1985 Michoacan earthquake, which caused severe

structural damage in Mexico City, and the 1988 Armenian

earthquake demonstrate the effect that local soil condi-

tions can have on building vulnerabilities (Seed and oth-

ers, 1989; Borcherdt and others, 1989). Various insur-

ance and reinsurance industry officials have expressed

interest in a program which delineates areas of ground

shaking amplification.

LOCAL GOVERNMENTS
AND SEISMIC SAFETY

Seismic hazards and seismic safety considerations in

California are governed by various State laws, and are

generally implemented and enforced by local govern-

ments. Local government implementation of State seis-

mic safety policy is accomplished under the authority of

five major areas:
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• Identification of seismic hazards and mitigation in

the safety (or seismic safety) element of a

community's general plan,

• Identification of seismic hazards and mitigation

pursuant to the California Environmental Quality

Act (CEQA),

• Use of fault rupture hazard zones (Alquist-Priolo

Zones) identified by the State Geologist,

• Application of the Uniform Building Code (UBC)

or the locally-adapted building code, and

• Identification of potentially hazardous

(unreinforced masonry) buildings in specified

areas of the state and establishment of a mitiga-

tion program.

This section details these earthquake hazard mitigation

processes and briefly assesses their effectiveness. Finally,

a seismic hazards mapping program undertaken by the

Association of Bay Area Governments in the San Fran-

cisco Bay area is discussed.

Safety Element Process

Since 1937, all cities and counties have been required

to adopt a comprehensive, long-term general plan for the

physical development of the county or city. California

Government Code Section 65302 specifies that the gen-

eral plan include the following seven elements: (1) land

use, (2) circulation, (3) housing, (4) conservation, (5)

open space, (6) noise, and (7) safety.

The requirement to include safety and seismic safety

elements in the ge *ral plan was prompted by wildland

fires in the fall of ;70 and by the 1971 San Fernando

earthquake. In 1984, Chapter 1009 consolidated these

elements into a single safety element. Section 65302

specifies that the safety element address

"protection of the community from any

unreasonable risks associated with the effects

of seismically induced surface rupture, ground

shaking, ground failure, tsunami, seiche, and

dam failure; slope instability leading to mud-

slides and landslides; subsidence and other

geologic hazards known to the legislative body;

flooding; and wildland and urban fires. The

safety element shall include mapping of known

seismic and other geologic hazards."

Thus, the safety element contains the basic set of poli-

cies regarding land-use decisions in hazardous areas.

The success of the safety element process in protecting

the health and safety of the community has been reviewed

and documented in several reports by independent

researchers (Wyner and Mann, 1986; May and Bolton,

1986) and the California Seismic Safety Commission

(1977; 1985) between 1977 and 1985. In general, these

reports indicate that the safety element process has been

most useful in educating local officials and increasing

public awareness about seismic hazards. The policies

included in safety elements, however, do not necessarily

lead to specific hazard reduction activities by local offi-

cials. Moreover, safety elements have apparently had

little direct impact on land-use decision-making. This is

partly because land-use decisions frequently involve

several factors including open space requirements, the

economic benefits of a development, and a community's

values and aspirations. In addition, information used in

seismic safety elements may not support effective policy

making.

Information gathered from the California Department

of Conservation's Division of Mines and Geology, and

the Governor's Office of Planning and Research (1988)

reveals that all 58 counties and 98 percent of cities have

completed a safety element. The DMG report (Alexan-

der, 1988) indicates that the percentage of elements

prepared prior to 1984 was 74 percent for counties and

58 percent for cities. Thus, while nearly all cities and

counties have completed safety or seismic safety elements

by 1989, most of these elements reflect information that

is more than five years old.

During the last five years, however, information about

the state's geology has increased dramatically. Since

1984, the State Geologist has issued, under the Alquist-

Priolo Special Studies Zone program, 109 new maps

and 28 revised maps (Hart, 1988). In addition, two

earthquakes-the 1983 Coalinga and 1987 Whittier

Narrows-have occurred on previously-unidentified faults.

If the effectiveness of the safety element process in miti-

gating earthquake hazards is only as good as the geologic

data on which it is based, the usefulness of safety ele-

ments as bases for hazard reduction measures must be

questioned. Accordingly, a 1985 California Seismic

Safety Commission report
1 indicated that since most juris-

dictions do not commit funding for basic seismic and

geologic studies, the State should seek to provide infor-

mation about seismic hazards.

California Environmental Quality Act Process

The California Environmental Quality Act (CEQA)

was enacted in 1970 to ensure that local agencies consider

and address the environmental implications of projects

California Seismic Safely Commission, Seismic Safety Element Review

Committee. A Review of the Seismic Safely Element Requirement in California

Report No. SSC 85-05. Sacramento: California Seismic Safety Commission, 1

August 1985.
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approved under their auspices. CEQA requires that an

environmental impact report (EIR) be prepared for proj-

ects which will result in significant effects to the environ-

ment. Moreover, CEQA specifies that local agencies

implement feasible mitigation measures or feasible alter-

natives identified in EIRs for projects that cause signifi-

cant adverse impacts.

In the case of geologic and seismic hazards, a project

EIR must properly identify such hazards and mitigation

measures. Local agencies, therefore, have California

statutory authority to regulate private development proj-

ects through the geologic and seismic hazards portion of

the EIR. The statutory authority embodied in CEQA pro-

vides local agencies with ready-made provisions which

may exceed either the general plan policies or local ordi-

nances. In addition, CEQA provisions are enforced by

and appealed to judicial, rather than legislative, bodies.

Thus, compliance with CEQA is not easily subverted by

appeals to local elected officials. For this reason, CEQA
provisions are considered to be a powerful tool for local

agencies in ensuring that geologic and seismic hazards are

considered and mitigated. On the other hand, CEQA does

not specify how specific hazards are to be mitigated.

Thus, mitigation measures must be evaluated on a case-

by-case basis with little guidance for local officials or the

courts which are called on to resolve these disputes. In

addition, the effectiveness of CEQA in mitigating hazards

is directly related to the adequacy of information on seis-

mic hazards. Since the availability of seismic hazard

information varies considerably between jurisdictions, the

effectiveness of the CEQA review process is bound to be

inconsistent.

Alquist-Priolo Special Studies

(Fault Rupture) Zones
The Alquist-Priolo Special Studies Zones Act was

enacted in 1972 to ensure that structures for human occu-

pancy are not built over a trace of an active fault. The

Act, administered by the DMG, requires the State Geolo-

gist to delineate special studies zones to encompass all

potentially and recently active traces of faults which con-

stitute a potential hazard to structures from surface fault-

ing or fault creep (Hart, 1988). For their part, cities and

counties must require a geologic report defining and de-

lineating any surface fault rupture hazard for those proj-

ects located within special studies zones (SSZ), prior to

approval of the project. The Act further requires that real

estate agents, or sellers of real estate acting without an

agent, disclose to prospective purchasers the fact that the

property is located within a delineated special studies zone.

Until recently, there has been no comprehensive review

of the level of compliance of local agencies with the

Alquist-Priolo Act, although there have been studies on

other aspects of the Act, such as the disclosure require-

ments of the Act, compliance by real estate agents, and

the importance of fault zone information in mortgage

lending decisions. A study conducted between 1977 and

1980 concluded that:

"the land-use planning aspects of the Alquist-Priolo

Act are being implemented in a way that meets the

basic objectives of the law. Few, if any, structures

are being built astride known faults; seismic safety

issues in the SSZs are being aired publicly, and are

being included in the decision-making process; and

knowledge about the location of major faults is

gradually accumulating. In short, this specific and

limited effort at state intervention in local land-use

planning seems successful." 1

In fall 1989, the DMG issued a contract to study the

effectiveness of the State's program, including an assess-

ment of the level of compliance with the Act by local

government. The study was recently completed and con-

cludes that although the Alquist-Priolo Act has been

effective in reducing earthquake risk in California, the

required special studies and their review by local govern-

ment vary greatly in quality. It was concluded that the

level of compliance with the Act could be improved

by requiring that site investigations and their review be

done by a certified engineering geologist, that cities and

counties retain such staff, and that the DMG prepare more

comprehensive guidelines for site investigations and

encourage greater communication of seismic hazard infor-

mation between local jurisdictions. 2

Uniform Building Code
The Uniform Building Code (UBC) is a model code

developed by the International Conference of Building

Officials describing recommended construction conditions

and practices. The purpose of the UBC is to "provide

minimum standards to safeguard life or limb, health,

property and welfare."3 The UBC contains specific provi-

sions for ensuring that buildings are able to sustain the

lateral forces generated by an earthquake. 4 Typically,

local governments in California adopt the UBC, or an

amended version of the UBC, as a minimum building

standard. Code enforcement is generally vested in the

building official function of local government.

1 Wyner. Alan J. and Dean E. Mann. Preparing for California's Earthquakes:

Local Government and Seismic Safety. University of California, Berkeley:

Institute of Governmental Studies, 1986.

2 Reitherman, R. and D. J. Leeds. A Study of the Effectivenees of the Alquist-

Priolo Program. The Reitherman Company, Half Moon Bay, California, 1990.

3 International Conference of Building Officials. Uniform Building Code, 1988.

4 The National Earthquake Hazards Reduction Program has published standards

for various types of federal facilities. In addition, there are special exceptions to

the UBC for critical facilities such as Title 24 of the California Administrative

Code for hospitals and schools. Nuclear Regulatory Commission criteria for

nuclear power plants, and criteria for dams and freeways developed by federal

and state agencies.
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Enforcement of the building code is the primary regu-

latory tool used by local governments to ensure seismic

safety. Generally, since planning departments are unable

or unwilling to foreclose all development within seismi-

cally hazardous areas, the building official is called on to

ensure that the proposed project meets the seismic safety

provisions provided in the building code (French and Har-

mon, 1982; Wyner and Mann, 1983; California Seismic

Safety Commission, 1985; Berke and Wilhite, 1988). The

code addresses lateral force requirements to resist shak-

ing, importance of the structure relative to its occupancy

characteristics, the seismic zone, and four types of soil

which affect shaking levels (International Conference of

Building Officials, 1988).

Despite these systematic considerations, recent testi-

mony by F. Turner and A. Patwardan of Woodward-

Clyde Consultants before the California Seismic Safety

Commission indicates there may be several problems with

the seismic safety provisions in the UBC The building

code is described as a minimum design condition. It,

however, is often the maximum level to which buildings

are designed. Specifically, the earthquake performance

objectives of the seismic safety provisions in the UBC,

developed by the Structural Engineers Association of

California (SEAOC), specify that buildings (1) resist

damage from minor earthquakes, (2) experience some

nonstructural damage from moderate earthquakes and (3)

incur nonstructural and some structural damage from

major earthquakes. These performance objectives, how-

ever, conflict with the objectives of the UBC because a

serious loss of life or limb, as well as substantial losses

to property could occur in a seismically-designed facility

even though the SEAOC seismic design objectives of pre-

venting catastrophic failure are met.

Recommendations for changes in the UBC seismic

design criteria are developed by the SEAOC and submit-

ted to the International Conference of Building Officials

for inclusion in the next version of the UBC, which is

revised every three years. The seismic design provisions,

therefore, are exclusively developed by a private organi-

zation based on its expertise and judgment. According

to Turner and Patwardan, as a result, building owners

and the public are generally not aware of the level of risk

inherent in the UBC, and have not participated in deci-

sions regarding the acceptable level of risk. This has been

found to be true for public officials as well (Wyner,

1982).

Finally, the UBC's lateral force requirements include

factors such as the ground shaking characteristics of soils,

relative weights given to construction in seismic zones,

and importance factors assigned to different occupancy

types. H.B. Seed, an eminent soils engineer, suggested in

remarks to the Seismic Safety Commission in February

1989 that one of the soil factors used in the 1988 UBC
may result in lateral force design levels which are less

than expected levels of shaking in California. 2 Thus, cer-

tain buildings in these soils may experience damage simi-

lar to that observed in Mexico City in 1985. 3 Given (1)

the conflict between the performance objectives of the

UBC and the SEAOC seismic design provisions, (2) build-

ing owners and the public's lack of awareness of and par-

ticipation in the acceptable level of risk implicit in the

UBC, and (3) potential problems with judgmental factors

used in formulating seismic design levels, sole reliance on

the UBC's seismic design criteria for protecting a commu-

nity's health and safety in areas of unusually high hazard

potential may be ill-advised.

Unreinforced Masonry Buildings

Government Code Section 8875 et seq established the

Unreinforced Masonry Law (URM) in 1986 to require all

cities and counties in Seismic Zone 4 (California coastal

areas, except portions of San Diego, and southern Sierra

regions) to identify hazardous unreinforced masonry

buildings in their jurisdictions by January 1, 1990. The

URM Law also requires local agencies to initiate a mitiga-

tion program and notify building owners that their build-

ings are potentially hazardous in earthquakes. Mitigation

programs are at the discretion of the local agencies and

may include standards and priorities for reinforcing and

demolishing hazardous buildings. Although implementa-

tion of the URM Law has just begun, it is likely to have

a significant impact on the earthquake risk within commu-

nities. The 1989 Loma Prieta earthquake provided a

dramatic reminder of the hazards posed by these buildings

in Santa Cruz and San Francisco.

OTHER USES

Other uses of seismic hazard information include public

information activities, disclosure of hazards to prospective

purchasers in the course of property transactions, and

emergency response planning.

Public Information

Information which is generated in preparing a safety

element for the general plan, the CEQA process, and

Alquist-Priolo zone maps at the state and local level are

publicly available. In addition, the DMG prepares earth-

quake planning scenarios for various possible events, which

are issued publicly and made available at publication cost.

1 California Seismic Safety Commission. Minutes of Regular Meeting. August

10. 1989.

2 California Seismic Safety Commission. Minutes of Regular Meeting. February

9, 19X9. San Francisco.

3 Seed. H. Bolton and Joseph Sun. "The Need for an S4 Site Factor." Summary

paper, no date.
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General plan revisions are typically presented in formal

hearings to the public for their comment and participation

prior to adoption. These hearings, however, often address

the broad range of issues contained in the various ele-

ments within a general plan, of which seismic safety is

but one. The CEQA process similarly involves considera-

tion of a broad range of issues. As a result, seismic safety

issues in general plans and CEQA documents may be

overshadowed by other, more pressing concerns.

Beginning in the late 1970s, the Association of Bay

Area Governments (ABAG), with the financial support

of the U.S. Geological Survey, began preparing a series

of maps detailing the ground shaking hazard in the San

Francisco Bay area. The series includes ground motion

estimates and maximum shaking intensity for the region.

In addition, the map series contains estimates of damage

to tilt-up concrete buildings, concrete and steel buildings,

and wood-frame dwellings expressed as the cumulative

expected damage. Aside from products provided by the

Alquist-Priolo Special Studies Zone program, these maps

represent the most extensive use of areal earthquake haz-

ards information for local government application.

Unlike previous hazard mapping efforts which display

potential damage in a general fashion or with regard to

a specific earthquake scenario, these maps depict the

relative risk of various types of structures within the

region to cumulative earthquake sources. Thus, the

ABAG maps attempt to estimate risk, based on current

knowledge about ground motion, local geology, and

building vulnerabilities.

The State of California undertakes seismic hazard

public information activities through three different

agencies-California Seismic Safety Commission, DMG
and the Governor's Office of Emergency Services.

The Governor's Office of Emergency Services provides

information through two earthquake preparedness

projects-the Bay Area Regional Earthquake Prepared-

ness Project (BAREPP) and the Southern California

Earthquake Preparedness Project (SCEPP). These bodies

provide informational materials and respond to specific

inquiries.

Disclosure of Special Studies Zones
The Alquist-Priolo Special Studies Zones Act specifi-

cally requires real estate agents and sellers to disclose the

presence of a special studies zone to prospective buyers.

In addition, at least one local jurisdiction-Santa Clara

County-requires all sellers of real estate lying partly or

wholly within the county's flood, landslide, and fault rup-

ture zones to provide the buyer with a written statement

of the geologic risk. As a consequence of these require-

ments, the California Association of Realtors has pro-

duced disclosure forms for use in real estate contracts.

In the San Francisco Bay area, five local boards of real

estate agents prepared maps depicting the designated

flood, landslide, and fault rupture zones for use by mem-
bers in meeting general disclosure requirements.

The disclosure requirement in the Alquist-Priolo

Special Studies Zone Act was studied in a 1981' report.

The study found that earthquake insurance inquiries and

purchases were higher among in-zone buyers, suggesting

that disclosure generated greater consideration of earth-

quake risk. The study, however, concluded that the dis-

closure process is not effective in providing information

for informed choices because not all real estate agents

fully understand the zones and/or support the disclosure

process. In addition, because disclosure of seismic haz-

ards is often provided at the final stage of the home pur-

chase process-closing of escrow-buyers may be unable or

unwilling to use the information provided. Notwithstand-

ing these deficiencies, the study recommends that disclo-

sure be broadened to include other seismic hazards which

represent a greater part of earthquake risk, such as lique-

faction, shaking, and ground failure.

Emergency Response Uses
There are no specific State requirements that geohaz-

ard information be used in emergency response activities,

although there are provisions for utilizing earthquake pre-

diction research and warnings by the Governor's Office

of Emergency Services. Nonetheless, efforts at the State

level have been made to provide earthquake hazards

information for disaster planning purposes.

The DMG has prepared a series of earthquake planning

scenarios since 1982 providing data on expected shaking

intensity, collateral effects, and distribution of damage

to lifeline facilities such as highways, airports, railroads,

marine facilities, communications, water and waste,

and energy production and conveyance systems. These

scenarios have been prepared expressly to assist local and

State officials in emergency preparedness planning. The

scenarios have included the following earthquakes:

M8.3, San Andreas fault in southern California,

M8.3, San Andreas fault in the San Francisco Bay area,

M7.5, Hayward fault in the San Francisco Bay area, and

M7.5, Newport-Inglewood fault in the Los Angeles area.

In addition, the DMG is completing work on a scenario

for San Diego (Rose Canyon and Silver Strand faults)

and for San Bernardino and Riverside counties (San

Jacinto fault).

1 Palm, Risa. Real Estate Agents and Special Studies Zones Disclosure: The

Response of California Home Buyers to Earthquake Hazards Information.

Boulder. CO: Institute of Behavioral Science, University of Colorado, 1981.
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CHAPTER THREE—EARTHQUAKE INSURANCE

The insurance industry has recently expressed increas-

ing interest in improved earthquake hazard information

(U.S. Geological Survey and California Department of

Insurance). This increased interest is probably due to the

publication of several scenario reports since 1980 by the

Federal Emergency Management Agency (FEMA), the

California Department of Conservation, Division of

Mines and Geology, and industry research groups (as

well as the occurrence of a number of damaging earth-

quakes in California beginning in 1983). These studies

have pointed out how areas in the Midwest, the East

Coast, and particularly California may be impacted by

earthquakes. In 1980, FEMA published estimates of dam-

ages and fatalities for earthquakes along the San Andreas,

Hayward, and Newport-Inglewood faults. As mentioned

earlier in this report, the All-Industry Research Advisory

Council has published estimates of insured losses from

fire following earthquake, workers' compensation and

general liability, and property losses. The DMG has pub-

lished planning scenarios for earthquakes on the southern

and northern San Andreas fault, the Hayward fault in

the San Francisco Bay area, and the Newport-Inglewood

fault zone near Los Angeles. All of these reports,

although prepared for different purposes and audiences,

estimate the lifeline impact that may result from any one

of several major California earthquake sources.

For the purposes of this report, use of seismic hazard

information by the insurance industry may be separated

into uses by (1) earthquake insurance risk modelers and

(2) insurance companies. Earthquake insurance risk mod-

elers include those organizations that have developed

formal and verifiable approaches to assessing the risk of

earthquake insurance losses and/or establishing "actuari-

ally-sound" earthquake insurance rates. In this chapter,

we will review the general methods used by several earth-

quake risk modelers and the uses of hazards information

by insurance companies. There are, of course, many

other firms and organizations that provide earthquake risk

estimates. The firms that are reviewed in this report, in

our opinion, fairly represent the approach and methods of

many earthquake risk modelers.

Insurance companies, for their part, may use the serv-

ices of the modelers for risk determination, portfolio man-

agement, or merely as another source of information in

earthquake insurance underwriting. Insurance firms may

also use less formal approaches, depending on the type

of insured risk. To find out how insurance companies

currently use seismic hazard information, we evaluated

responses from a questionnaire provided to the National

Committee on Property Insurance for distribution to

members of its Special Earthquake Study Committee.

In addition, we evaluated surveys mailed to other selected

insurance firms and interviewed earthquake insurance

executives in several companies.

This chapter, therefore, will provide information on

the monetary loss estimation methods, generally, and on

current uses of seismic hazard information by modelers

and insurance companies, based on the surveys and inter-

views with these organizations. In addition, we will

report on anticipated needs for more detailed or improved

seismic hazard information by these concerns.

MONETARY LOSS ESTIMATION

Earthquake monetary loss estimation, in general, is

difficult and complex. The complexity arises from the

system of variables that must be assessed and the associ-

ated uncertainty. There are uncertainties in earthquake

fault sources, patterns of shaking, site effects, building

damage, effects of collateral hazards (such as liquefac-

tion, landslides, and fault rupture), and other loss condi-

tions such as fire following earthquake. Figures 3.1a and

3.1b show the many areas of variability and uncertainty

that go into loss estimation.

Monetary loss estimates from damage to structures

generally involve one of two methods: (1) the Probable

Maximum Loss (PML) method developed by Karl Stein-

brugge and Ted Algermissen for the Insurance Services

Office (ISO), and (2) the ATC-13 method developed by

the Applied Technology Council. These methodologies

are based on the propositions that:

• earthquake magnitudes and fault rupture lengths

may be effectively converted into Modified

Mercalli Intensity (MMI) patterns,

• MMI attenuates as the distance from the causative

fault increases,

• monetary losses are directly related to MMI and the

type and value of structure.

Thus, monetary loss of a given structure or set of struc-

tures under both of these methods can be estimated if the

MMI, building type and the value of the structure are giv-

en. These methods, however, are intended to model aver-

age monetary losses and are not intended to provide loss

estimates for a specific structure. Both the ISO and ATC
methods yield similar results for similar structure types.
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The PML building classification system used by ISO

includes 21 categories of buildings, based on the informa-

tion that is readily available to insurance companies. The

PML numbers developed for ISO are based on experience

with California earthquakes and expert judgment.

The ATC-13 study includes 41 classes of building

structures, as well as classes for other structures such as

bridges, pipelines, dams, tunnels, and others. The mean

damage factors developed in this report are based on an

amalgamation of expert opinions, using the Delphi

method, weighted by the experience of the participants.

Other Losses

There have been other attempts to estimate monetary

loss resulting from other losses such as damage to con-

tents, fire following earthquake, and insurance claims for

workers' compensation and general liability. Damage to

contents is generally estimated as a proportion of struc-

tural monetary losses (approximately 50 percent). The

results from studies on fire following earthquake and

other insurance claims are highly dependent on the earth-

quake assumed, and other prevailing conditions such as

season, time of day, meterological conditions etc., and

cannot generally be used in a loss estimation procedure.

One model reviewed be\ow-IRAS developed at Stanford

University-has incorporated a fire following earthquake

algorithm into its estimates.

EARTHQUAKE INSURANCE
RISK MODELERS

Our review of modelers includes two consulting firms,

an industry organization, an insurance company that has

developed its own risk assessment system, and a univer-

sity. In some cases, these organizations provided detailed

information on the methods and data used in their risk

assessment procedures. In other cases, an outline of the

general approach was given. The organizations inter-

viewed include the Allstate Research and Planning Cen-

ter, E.W. Blanch Company Reinsurance Services, EQE
Engineering, Insurance Services Organization, and Stan-

ford University. In addition to these organizations, we
discussed loss estimation methods with personnel at two

earthquake risk consulting firms, Crisis Management and

Dames & Moore, and the U.S. Geological Survey. Our
review of earthquake loss estimation models, however,

will focus on the methodologies employed by the former

organizations.

Allstate Research and Planning Center

This organization (a research arm of the Allstate Insur-

ance Company located in Menlo Park, California) has

developed the Allstate Earthquake Loss Model to provide

the company with information about its potential expo-

sure in residential lines of insurance. Allstate indicated

that the model is used to estimate losses but not to set

earthquake insurance rates because "rates are set in the

marketplace." The model, however, was used to develop

the rate schedules included in the Earthquake Project's

legislative proposal before the U.S. Congress.

Allstate's Model uses input on earthquake faults, mag-

nitudes, epicenters, and a deductible level. The model

then simulates a series of earthquakes for a range of

magnitudes for all faults, estimates the mean Modified

Mercalli Intensity near the fault ruptures, attenuates the

intensities as the distance from the faults increases, and,

using ATC-13 damage-loss factors, estimates damage

to low-rise wood-frame and low-rise unreinforced ma-

sonry buildings. Losses are estimated and summed by

zip code for all zip code centroids located within the

damaged areas. In addition, the model is able to simulate

long-term expected annual losses from a given fault by

calculating the average losses for various magnitude

earthquakes based on the probabilities associated with

each magnitude. Allstate indicated that the simulated

losses associated with the 1987 Whittier earthquake were

within 5 percent of actual losses to the company. Based

on these results, Allstate believes that the model is satis-

factorily accurate.

Current/Anticipated Uses of Geohazard Data. All-

state's model does not include any surface or subsurface

geological information. Staff at Allstate indicate that soil

factors were included in the model at one time but were

removed because they had little effect on the results and

were inconsistent with the ATC-13 approach used in

the model. Allstate indicated that better ground/soils

information would be useful if it could be used to adjust

Modified Mercalli intensities. They noted, however, that

soils data may have little effect on results if the affected

areas represent a small percentage of a company's total

exposure. For example, if total losses projected are 5

percent of the total exposures without the use of improved

soils data, an increase in estimated total losses of, say,

20 percent resulting from improved soils data would gen-

erate losses that are 6 percent of total exposure. Thus, the

importance of improved soils data depends on the pro-

portion of potential exposure to the total exposure.

EQE Engineering

The EQE methodology is contained in EQHAZARD
and includes seismotectonic modeling of faults, estima-

tion of earthquake shaking intensity at sites, vulnerability

ratios based on site intensity, and determination of the

mean and higher fractile insured loss. Unlike other meth-

ods, however, EQHAZARD attenuates the peak ground

acceleration to the site and then converts this value to

Modified Mercalli Intensity. Vulnerability is computed
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based on the site MMI and loss ratios developed in ATC-
13 and other sources. Finally, PML in EQHAZARD is

estimated using the (maximum credible) earthquake with

a return period of approximately 475 years from each

potential earthquake source.

CurrentlAnticipated Uses of Geohazard Data.

EQHAZARD computes MMI based on the site peak

ground acceleration and adjusts these values in MMI in-

crements based on the site soil conditions. The proprie-

tary geohazard data used in EQHAZARD is derived from

various sources. EQE indicates that improved geohazards

data can be utilized to "develop cost-effective mitigation

measures" and "improve the state-of-the-art" of loss esti-

mation.

E.W. Blanch Company
Reinsurance Services

E.W. Blanch's CATALYST earthquake model is based

on the work of Karl Steinbrugge and the concept of prob-

able maximum loss (PML). PML in CATALYST is de-

fined as the average probable maximum monetary loss to

structures which will be experienced by 9 out of 10 build-

ings in a given building class in a specified PML zone

(within 6 miles of the fault rupture), assuming an earth-

quake of M8.2. CATALYST estimates risk based on

expected damage ratios for certain building types at vari-

ous distances from an earthquake fault rupture. Specifi-

cally, E.W. Blanch indicates that losses are calculated by

modifying an initial building damage factor depending on

the distance of the risk from the fault rupture, the pres-

ence of poor soil conditions, and whether the risk is a

high-rise building. The initial damage factor by building

type is based on the PML concept applied to facilities

within 6 miles of the fault rupture. Fault rupture length

is estimated by magnitude. Ground motion and intensity

are not used directly in estimating losses but are implicit

in the damage ratios and distance attenuation employed in

the model. For residences, CATALYST uses the number

of dwellings and the total value of properties by 5-digit

zip code. Commercial risks are modelled using data by

5-digit zip code on construction class, height in stories,

and insured value. The model uses the residential and

commercial data along with the distance from the fault

rupture of the quake and the soil conditions by zip code.

The model provides estimates for 21 maximum credible

earthquakes along ten major California faults.

Current/Anticipated Uses of Geohazard Data. Ac-

cording to E.W. Blanch, the soils data used in CATALYST
are based on Steinbrugge's work and on U.S. Geological

Survey data. Soils factors were developed by overlaying

soils maps with zip code zones. The resulting factors are

then used to adjust the PML ratios within each zip code.

E.W. Blanch indicated that the soils element of the model

needs improvement, and the company would be interested

in soils data (organized by zip code) that reflect the quan-

titative effect of various soils on loss estimates.

Insurance Services Office

The Insurance Service Office (ISO), a service associa-

tion for insurers, has prepared a Guide for Determination

of Earthquake Classifications to assist insurers in estab-

lishing rate classifications for commercial buildings. The

building classification system was based on PML esti-

mates prepared by Karl Steinbrugge. The Guide places

buildings into one of seen earthquake insurance rate

groups based on either the building classifications or on a

system of rating points, with more earthquake-susceptible

buildings receiving more points. Points are based on con-

struction characteristics, size, shape, equipment, design,

and quality control. Penalty points are added for site haz-

ards such as faulting, foundation materials, and topogra-

phy, exposure hazards such as pounding and overhanging

elements, and roof tanks or heavy metal equipment haz-

ards. The Guide, therefore, provides loss rating and rate

classification information for insurers rather than loss

estimates per se.

Current/Anticipated Uses of Geohazard Data. Under

the ISO system, geologic information is reflected in pen-

alty points given for sites located (1) within 2 miles of an

active fault, (2) on alluvial soil, and (3) on ground slopes

of 50 percent (30 degrees) or greater. Additional penalty

points may have the effect of promoting a building into

a higher rate group. The applicable rates for different

rate groups are found in the Commercial Lines Manual

published by ISO.

Stanford University

The Stanford University Department of Civil Engineer-

ing has developed an expert system for estimating earth-

quake losses known as the Insurance/Investment Risk

Assessment System (IRAS). IRAS is intended to be a

user-friendly, knowledge-based expert system for use by

engineers, real estate investment analysts, insurance

underwriters, and decision makers and can be used to

assess individual risk, risk to a portfolio of properties,

or regional risk. Although IRAS does not break any new

ground in loss estimation methods, it incorporates the

state-of-the-art knowledge of loss estimation.

IRAS allows the user to choose between the PML or

ATC-13 (designated as SDT) methods when evaluating

risk. At a minimum, IRAS requires the address, zip code,

building type, year built, and replacement value of the

structure(s) and contents. The system will then provide

estimates based on a given scenario earthquake, maxi-
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mum risk, classical risk (PML based on local MMI IX),

and average risk over a specified time frame. In order to

improve the confidence of the loss estimates, IRAS will

consider other building-specific information such as the

type of interior walls, the diaphragm and anchorage, and

the roof system. IRAS will then generate a range of

losses, an expected loss amount and a qualitative assess-

ment of the reliability of the estimate-ranging from high

to very low.

Current/Anticipated Uses of Geohazard Data. IRAS

does use soils information to adjust ground shaking levels

experienced at a specific site. The model does use geo-

logical information digitized by zip code and census tract

to estimate losses from fault rupture and collateral haz-

ards such as landslides and liquefaction. Qualitative

assessments of these collateral hazards are transferred to

numerical values using fuzzy set theory. The resulting

factors are then used to estimate dollar losses.

Although IRAS does currently use soils information

to adjust shaking losses, the authors of IRAS at Stanford

University indicate that detailed geohazards information

may improve the loss estimation capabilities of the model

and would, therefore, be desirable. Ideally, this informa-

tion would be available by latitude and longitude and

would describe soil conditions, landslide potential, and

liquefaction potential. In order to test the value of

improved or more detailed soils information, we initiated

an experiment with Stanford University to test the sensi-

tivity of loss estimation methods in IRAS to soils informa-

tion, using actual loss data provided by the California

Department of Veterans Affairs.
1 The results of this

experiment will be reported separately.

The Department of Veterans Affairs has been required by law to maintain a

Disaster Indemnity Fund to insure against losses from floods and earthquakes

by participants in the Cal-Vet Home Loan Program. The deductible, set by

law, is $250. Thus, claims paid under this program describe a broader range of

losses from earthquakes than private insurance programs which have 5 to 20
percent deductibles. The Department has recently begun systematically com-
piling this information for use in risk management.

INSURANCE COMPANIES

To collect data on current and anticipated uses of earth

science information from insurers, project staff (1) circu-

lated a survey to insurance companies under the auspices

of the Earthquake Project at the National Committee of

Property Insurance, and (2) had numerous discussions

with insurance executives at an international meeting on

earthquakes and insurance held in May 1989. In the sur-

vey, insurers were asked questions regarding their market

share, use of loss estimation methods, current uses of

earth science information, and what improved earth sci-

ence information would be helpful. In addition, compa-

nies were asked: "In your judgment, what is the biggest

problem in earthquake insurance?"

Project staff received ten completed surveys from

insurance organizations-nine primary insurers and one

reinsurer. The respondents indicated that earthquake

premiums ranged from 0.6 percent to 25 percent of their

total premiums. Approximately half of the insurers mostly

sold commercial earthquake insurance. Most indicated

that they reinsured a greater proportion of their commer-

cial risk than residential risk, which is consistent with

insurance company reports to the California Department

of Insurance (DOI).

In terms of loss estimation methods, respondents indi-

cated that they used methods prescribed by the DOI (4),

ISO (4), or risk modelers (2-NTS and E.W. Blanch).

Three indicated that they are considering the use of

Stanford's IRAS model. Seven of ten respondents indi-

cate that they systematically evaluate earthquake risks.

Only four of ten use geological data in evaluating risk,

two of which use it for large commercial risks. The

sources of information used are the U.S. Geological Sur-

vey, private sources, and the DMG.

Nine of ten respondents desire such information at the

zip code or postal carrier zone level. One indicated that

Insurance respondents indicated that the most useful

geohazard information would be:

Ground shaking susceptibility 7

Fault rupture potential and proximity to faults 7

Ground failure potential 4

Liquefaction potential 4

Landslide potential 1
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census tract detail would be useful. Respondents indi-

cated that either the State or federal government should

provide the data. According to the nine responding

insurers, the biggest problem with earthquake insurance

is uncertainty (5), financial capacity of the industry (2),

adverse selection (1), and inability to set aside tax-free

reserves (1).

Informal discussions with industry officials revealed

a general interest in improved earth science information.

Several officials, however, cautioned against presenting

information at a high level of precision. Since there is

considerable uncertainty in earthquake effects (shaking

damage, fire following earthquake, and casualties) pre-

cise geohazards information may not be significant in

current loss estimation methods. Rather, classifying

areas according to relative risk could be useful in the

insurance industry. Industry officials could then weight

risk against these levels. One official indicated that

improved geoscience information could have detrimental

overall effects if certain residential insurance purchasers

were priced out of earthquake insurance as a result of a

new risk-based rating system.

CONCLUSIONS

Based on our review of insurance companies and

earthquake insurance risk modelers, improved geohaz-

ards information would be useful in improving loss esti-

mation activities. Indeed, insurers noted that the biggest

problem in earthquake insurance is the uncertainty of

earthquake effects. The desired scale of the information

is at the zip code level, although information provided at

other levels of detail would almost certainly be converted

to zip code level by risk modelling consultants wishing

to service the needs of insurers. At a conference organ-

ized to determine the earthquake risk information needs

of the insurance industry, industry participants indicated

an interest in seismic hazards information such as soil

conditions, landslides, and liquefaction, particularly if

the data can be translated into loss estimation parame-

ters.' Several insurance officials expressed skepticism

about overly precise information and suggested that

maps which classify areas according to relative risk

would be a tremendous improvement. Properties in

these areas could be highlighted for special rates or

deductibles. Risk consultants would desire data which

can be directly translated or, in combination with other

information, transformed into dollar loss amounts to suit

the needs of their modelling capabilities. In general,

both of these organizations look to the State or the fed-

eral government to provide this information.

Improved earth science information may serve anoth-

er purpose. In his 1990 State of the State report before

the Legislature, Governor Deukmejian suggested that

the insurance industry, business leaders and the Legisla-

ture convene to draft a proposal for mandatory earth-

quake insurance coverage in at-risk areas of California. 2

The Governor's recommendation for an earthquake haz-

ard insurance system is based on the same concept of

flood hazard zones used by the federal government.

Communities with designated Flood Hazard Zones are

required to join the National Flood Insurance Program

as a condition of eligibility for federal financial assis-

tance, including federally-backed mortgages. In addi-

tion, communities are required to adopt land-use controls

in flood prone areas. 3 A requirement to purchase earth-

quake insurance in concert with community mitigation

measures in at-risk areas would support the common
objectives of insurers and government in identifying and

reducing risk. Improved earth science information

would be indispensable in efforts to delineate the at-risk

areas.

U.S. Geological Survey and the California Department of Insurance.

Workshop on Earthquake Risk: Information Needs of the Insurance Industry.

Proceedings of conference in Albuquerque, New Mexico, September 13-15,

1988.

Governor's State of the State Address. Sacramento, California. January 9,

1990.

Camerer, Colin F. and Howard Kunreuther. "Decision Processes for Low
Probability Events: Policy Implications." Journal of Policy Analysis and

Management. Volume 8, number 4. Fall 1989. Homeowners located in

designated Flood Hazard Zones must purchase flood insurance as a condition

of receiving a federally-backed mortgage.



Collapse of a residence in Los Gatos during the 1989 Loma Prieta earthquake. The "cripple walls" of this old wood-frame
house were unable to withstand the level of ground shaking experienced at 14 miles from the epicenter. Recognition of

potential seismic hazards and appropriate retrofitting could have greatly reduced losses. Photo from Earthquake Engineer-
ing Research Institute.

Collapsed residence in the Santa Cruz Mountains which is situated on the head of a landslide caused by the 1989 Loma
Prieta earthquake. Geological investigations prior to construction may have revealed evidence of previous landslides, and
informed the owner of potential risks at the site. Photo from Earthquake Engineering Research Institute.
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CHAPTER FOUR—LOCAL GOVERNMENTS
AND PROPERTY OWNERS

Local government and property owners have common
interests in seismic hazard information. Both local gov-

ernment and property owners must be concerned with

community development, health and safety considera-

tions, and relative property values and uses. In addition,

property owners are subject to land-use regulations and

building standards imposed by local government. Finally,

local governments must, by state law, ( 1 ) prepare safety

elements for their General Plans which reflect seismic

hazard issues of identification and mitigation, (2) address

development in fault rupture zones, and (3) make use of

seismic hazard information as part of the environmental

review process. Both state and local programs prepare

information for use by local governments in protecting

public safety and reducing losses to property as a result

of geological hazards.

Two programs administered by the California Depart-

ment of Conservation, Division of Mines and Geology,

provide geological hazard information for planning

purposes.

• Since 1972, following the 1971 San Fernando

earthquake, fault rupture hazard information

has been provided by the DMG to assist local

government in preventing construction for human

occupancy across active faults. The Alquist-Priolo

Special Studies Zone program has generated more

than 400 maps detailing fault rupture hazards

throughout California. Special studies zones are

delineated by the State Geologist for use by local

planning and building officials.

• In 1984, following landslides in the Baldwin

Hills in 1980, the Landslide Hazard Identification

Program was initiated to identify and delineate

areas subject to the dangers of rapid slope failures

such as debris flows and mudslides. The landslide

program has since produced approximately 20

maps of landslide susceptibility.

In addition to these statewide efforts, several commu-
nities have initiated activities to identify local geological

hazards. The most notable of these efforts is the San

Francisco Bay area map series developed by the Associa-

tion of Bay Area Governments over the past ten years.

This chapter reviews the current and anticipated uses

for seismic hazard information by local governments and

property owners. The first section covers local govern-

ment uses of seismic hazard information, including the

findings of recent research and results from interviews

conducted with planning and building officials in various

localities. The next part discusses property owner uses

of geological hazards information as revealed by several

important studies in California. The implications of these

data on the design of an urban seismic hazards mapping

program are included in the summary and conclusions.

LOCAL GOVERNMENTS

As discussed in Chapter Two, local governments

generally use seismic hazard information in planning

and building department functions. To a lesser extent,

geohazard data is used in emergency response planning.

The opportunities for using seismic hazard information

may be categorized into five groups, as shown in Figure

4.1, and are discussed as follows.

Preparing development studies and plans:

Circulation or transportation studies and plans

Community facility and utility inventories and plans

Environmental impact assessments and reports

Land-use and open space inventories and plans

Land subdivision lot layouts

Multihazard risk analyses and reduction plans

Redevlopment plans (pre-and post-earthquake))

Seismic and public safety plans

Designing and building safe structures:

Building strengthening or retrofitting

Critical facility siting and design

Engineering, geologic, and seismologic reports

Public facility and utility reconstruction or relocation

Reconstruction after earthquakes

Repair of dams
Site-specific investigations and hazard evaluations

Discouraging new or removing existing

hazardous development:

Capital improvements expenditures

Cost of nonsubsidized insurance

Disclosure of hazards to real estate buyers

Financial incentives and disincentives

Policies of private lenders

Posted warnings of potential hazards

Public acquisitions of hazardous areas

Public facility and utility service area policies

Public information and education

Public records of hazards (continued)

Figure 4.1. Opportunities for using geologic and seismologic

information to reduce earthquake hazards.'

I Excerpted from Ziony, J. I., Editor, Evaluating Earthquake Hazards in the Los

Angelei Region. U.S. Geological Survey Professional Paper 1360. Menlo

Park: U.S. Geological Survey, 1985.



22 DIVISION OF MINES AND GEOLOGY SP 108

Figure 4.1. Continued.

Removal of unsafe structures

Special assessments and tax credits

Regulating development:

Building and grading ordinances

Design and construction regulations

Hazard zone investigations

Land-use zoning districts and setback requirements

Special hazard reduction ordinances

Preparing for and responding to disasters:

Anticipating damage to critical facilities

Damage inspection, repair, and recovery procedures

Disaster training exercises

Earthquake prediction response plans

Emergency response plans

Monitoring and warning systems

Personal preparedness actions

• Preparing development studies and plans.

Seismic hazards information is currently used

extensively and, generally, as a matter of accepted

practice in development studies and planning in

California. As a result of state requirements that

seismic hazards information be addressed in

planning and environmental review processes,

local agencies must insure that planning efforts

within their jurisdiction consider recent data on

seismic hazards.

• Designing and building safe structures.

Seismic force provisions in the Uniform Build-

ing Code are used by local governments to ensure

that buildings are designed and built safely. The

1988 provisions specify design based on the

seismic zone and site soil characteristics, as well

as construction details. Some jurisdictions also

require that site-specific geologic or geotechnical

reports be prepared that detail the hazard and spec-

ify mitigation measures while other jurisdictions

specify provisions for reconstruction after an

earthquake.

• Discouraging new or removing existing hazard-

ous development. This category of measures

includes a range of disincentives, improved public

information, and removal of unsafe structures.

Some of the listed opportunities have been imple-

mented such as disclosure to buyers in special

studies zones, posted warnings, and public acqui-

sition of hazardous areas. In addition, essential

services buildings (police and fire stations, hospi-

tals, and communications facilities) must, pursu-

ant to State law, conform to special seismic design

criteria.

• Regulating development. This category of

reducing earthquake hazards is probably the most

controversial because the development of prop-

erty is subject to specific requirements that affect

the range and type of uses that a site may have.

Examples of this measure include Los Angeles'

slope grading ordinance and San Jose's hillside

ordinance to protect against landslide hazards;

hazard zone investigations and setback require-

ments in Riverside County; and enhanced con-

struction code requirements adopted by Redwood
City for development in the "bay muds." These

measures are discussed in greater detail under

"Exemplary Local Government Programs."

• Preparing for and responding to disasters.

Emergency response uses of seismic hazard

information include use of earthquake scenarios

in planning response by fire and police personnel,

disaster training exercises conducted by federal,

state, and local agencies, and in setting priorities

for damage inspection, repair, and recovery.

Recent Research

Several guidebooks and case studies have been pre-

pared which detail methods for using geologic and seis-

mic hazards information in land-use planning.' These

publications provide planning techniques and examples

of measures that have been implemented. A discussion

of planning and seismic hazards would be too extensive

for this report, so rather than expanding on the universe

of available techniques, this section focuses on the uses

and problems local governments and planners have

regarding seismic hazard information. 2

In the past several years, three surveys of local plan-

ning officials have been conducted that address planning

Several examples include: Blair, M.L. and others. Seismic Safety and Land-

use Planning-Selected Examples from the San Francisco Bay Region,

California. U.S. Geological Survey Paper 941 -B. Washington, D.C.: U.S.

Government Printing Office, 1979.

Bolton. Patricia and others. Land Use Planning for Earthquake Hazard Miti-

gation: A Handbook for Planners. Special Publication 14. Boulder, CO:

Natural Hazards Research and Applications Information Center, 1986.

Brown, Robert D. and William J. Kockelman. Geologic Principles for Prudent

Land Use: A Decisionmaker' s Guide for the San Francisco Bay Region. U.S.

Geological Survey Professional Paper 946. Washington, D.C.: U.S. Govern-

ment Printing Office, 1983.

Jaffe. Martin and others. Reducing Earthquake Risks: A Planner's Guide.

Planning Advisory Service Report Number 364. Washington, D.C.: American

Planning Association, October 1981.

William Spangle and Associates. Geology and Planning: The Portola Valley

Experience. Portola Valley, CA: William Spangle and Associates, 1988. a.

Putting Seismic Safety to Work. Oakland. CA: Bay Area Regional Earthquake

Preparedness Project, October 1988.b.

In Geology and Planning: The Portola Valley Experience, the authors detail

seven elements of Portola Valley's program for reducing geological hazards:

(1) geological mapping. (2) general plan, (3) zoning regulations, (4) sub-

division regulations, (5) site development/grading regulations. (6) building

codes and (7) public agency geologist.
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and earthquake risk information. The studies include

(1) a national survey of communities in 22 states that con-

tain earthquake-prone areas (seismic zones 3 and 4),
1

(2)

a survey of planning directors in 1 18 cities and counties

in California, 2 and (3) a survey of local government staff

in the San Francisco Bay area to identify applications

of products provided by the Association of Bay Area

Governments. 3

National Survey Results. This study focused on local

mitigation planning response to earthquake hazards in

22 states, including California. The study received 207

responses from all 22 states but only the analysis of the

85 responses from California is discussed in this report.

Approximately 83 percent of the California respondents

were planning personnel, 9 percent city managers, and 7

percent building officials, city engineers and emergency

planners.

A majority of survey respondents indicated that earth-

quake hazards are given a low to very low priority in

California (60 percent) and only 17 percent consider

earthquake hazards a high or very high priority. Nonethe-

less, nearly 60 percent of the responding communities

have six or more earthquake mitigation measures. Build-

ing design and construction measures were considered

highly effective by 70 percent of the respondents while

measures for planning and regulating development were

considered highly effective by only 33 percent. In terms

of planning resources spent on earthquake-related prob-

lems, 74 percent spend less than one staff hour per week

and 79 percent indicated that less than one percent of the

planning department budget is allocated to earthquake

problems.

Respondents ini cated that inter-organizational con-

tacts with state level agencies were much greater than

contacts with federal agencies such as the U.S. Geological

Survey, Federal Emergency Management Agency, and the

U.S. Army Corps of Engineers and approximately as fre-

quent as their contacts with regional agencies, city/county

agencies, and private consultants. Respondents also indi-

cated that state level agencies were much more responsive

to local government needs and problems (69 percent) than

any federal (50 percent or less), regional (64 percent), or

city/county agency (65 percent), and second only to the

responsiveness of private consultants (76 percent).

Berke. Philip and Suzanne Wilhite. Local Mitigation Planning Response to

Earthquake Hazards: Results of a National Survey. College Station. TX:

Texas A&M University, Hazard Reduction and Recovery Center. May 1988.

French. Steven P. and Deborah Harmon. "Current Land Use Planning for Seis-

mic Safety in California." Unpublished manuscript. San Luis Obispo, CA, 7

May 1982.

Association of Bay Area Governments. Results of a Survey of total Govern-

ments Use of Earthquake Information Oakland, CA: Association of Bay Area

Governments, October 1986.

Finally, when asked what obstacles there were to local

mitigation response, respondents felt that lack of state or

federal financial support was most serious (49 percent)

followed by conservative political culture (44 percent),

opposition by real estate and development interests (41

percent) and other less important obstacles. Of the other

possible responses, the lack of adequate maps delineating

earthquake hazard areas was only considered to be a seri-

ous obstacle by 20 percent, indicating that the information

sources are generally considered adequate. What is lack-

ing, according to the respondents, is financial and politi-

cal support for mitigation measures.

Statewide Survey. This survey sought the responses

of planning directors in 118 cities and counties in Califor-

nia to identify current planning practices and problems

associated with earthquake risk information. Of 105

responses, 52 percent consider seismic hazards to be a

moderate problem in their jurisdiction while approxi-

mately 25 percent consider it a serious problem. The

most serious hazards were reported to be ground shaking,

liquefaction, landslides, and subsidence, respectively.

More than 80 percent consider their earthquake data to

be somewhat accurate to very accurate and 69 percent

consider it generally to be extremely useful. Nearly 90

percent of the jurisdiction's General Plans contain seismic

hazard maps. Areal information in the respondents' Gen-

eral Plans primarily delineates hazards of ground shaking

(68 percent), liquefaction (54 percent), landslides (45

percent), ground ruptures (31 percent), and subsidence

(30 percent). Respondents indicated that seismic hazard

information's most important uses are building code

enforcement, environmental impact assessment, compre-

hensive planning, and emergency planning, respectively.

Seismic hazard information should address both proj-

ect-by-project reviews and long-range comprehensive

planning, according to the survey. The seismic hazard

information that is most lacking is surface geology (91

percent), estimated damage from seismic hazards (51 per-

cent), condition of existing structures (43 percent), and

probabilities and intensities of potential seismic events

(39 percent). Information which is least lacking is land-

slide and liquefaction potential (26 percent) and fault

locations (12 percent). Finally, similar to responses in the

national survey, state government is perceived to be more

helpful than federal or local government, and equal to the

perceived helpfulness of private consultants.

Association of Bay Area Governments Survey.

The ABAG surveyed San Francisco Bay area local gov-

ernments in 1986 to identify past applications of ABAG
products and potential needs. Respondents ranked fault

proximity, disrupted roads and power, water supply prob-

lems, and weak soils as the most important earthquake-

related hazards. According to the survey, ABAG map
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products are used in developing safety elements in Gen-

eral Plans, as background information, and in public

information and disclosure programs. It is not clear

whether these products are used to specifically set or

implement seismic safety policy within the local jurisdic-

tions. Local agencies indicated that priorities for seismic

hazard mapping activities should focus on nontechnical

text for decision makers, model ordinances, assessments

of community risk, and improving the map scale. In par-

ticular, nontechnical text and community risk information

is perceived to have the greatest direct impact. Respon-

dents also indicated to ABAG staff that they were more

interested in the relative risk for smaller geographic areas,

such as cities, and were skeptical of numeric loss esti-

mates, like those provided in the ABAG maps.

Interviews with Planning and

Building Departments

During the course of this feasibility study, project staff

conducted a series of interviews with local planning and

building department officials. We spoke with planning

and building department staff representing 12 jurisdic-

tions. Personnel from other local agency departments

(such as fire, police, emergency services, and public

works) participated in some of the interviews. The infor-

mal discussions were conducted using an interview ques-

tionnaire as a means of focussing the discussion and

assuring consistency in the results. We selected the agen-

cies to interview based on the recency of the jurisdiction's

seismic safety element (generally prepared in 1985 or

later) and the geographic and population diversity of

jurisdictions. As indicated in Figure 4.2, the respondents

represent jurisdictions located throughout California com-

prising various sizes and types of organizations.

Interview Responses. The interviewees indicated that

they use seismic hazard information in both planning and

building department functions. The products used include

maps detailing landslides, liquefaction zones, shaking

areas, and Alquist-Priolo Special Studies Zones, and

geotechnical reports prepared by consultants. The sources

of data are the U.S. Geological Survey, DMG, private

consultants, and various others. Development approval,

plan checking, disclosure to title holders, and further

geotechnical investigations are some of the uses of this

information.

When asked what type of improved or more detailed

seismic hazard information would be most useful, inter-

viewees indicated data on shaking, building provisions

related to ground response, liquefaction, landslides, and

fault rupture. This information could be used for existing

purposes such as development approval and plan check-

ing, triggering special site investigations, emergency plan-

ning, and excluding certain facility types from hazardous

areas. According to the respondents, improved informa-

tion should be at a map scale of 1:24,000 or larger. The

maps should depict (1) susceptibility of land to specific

hazards without regard to particular earthquake sources

or (2) the relative hazard posed by cumulative earthquake

sources. Earthquake scenarios were the least favored

form of seismic hazard information. In addition, respon-

dents generally felt that probabilities would not be helpful

in planning maps other than as documentation for plan-

ners and building officials. Finally, interviewees cur-

rently prefer the map format over digital files, although

several agencies anticipate having or using a geographic

information system in the future.

Local government respondents indicated that

the most useful geohazard information

would be:

Ground shaking susceptibility

Building measures
Liquefaction potential

Landslide potential

Fault rupture potential and proximity

to faults

Our discussions with local officials revealed that

mapped seismic hazards information should be nontechni-

cal and oriented towards specific applications rather than

general depictions of hazards or geological conditions.

This was expressed in several responses requesting infor-

mation to "tailor construction to ground response areas,"

develop "building parameters and suitability zones" and

"design control over critical facilities," and meet a "need

for information which translates ground motion into

measures." In addition, some respondents suggested that

hazard zones could trigger a requirement for a site-spe-

cific investigation in the same way that an Alquist-Priolo

Special Studies Zone requires geologic reports in areas of

potential surface fault rupture. Another official suggested

that design criteria could be developed for hazard zones

which are more rigorous than non-zone areas. These cri-

teria could be relaxed by the findings of a site-specific

report. The experience drawn from the Association of

Bay Area Governments' seismic hazards mapping pro-

gram may be useful in illuminating practical uses for

improved information.

The ABAG has carried out an extensive effort in map-

ping the ground shaking hazard in the San Francisco Bay

area. In our interviews with San Francisco Bay area offi-

cials, however, we found few uses for the ABAG's prod-

ucts beyond increasing awareness of seismic hazards.

Interviewees indicated that the ABAG maps were not at

a useful scale or did not provide effective guidance for
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Figure 4.2. Local government agencies surveyed regarding uses of seismic hazard information.
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planning. Even if the map scale could be improved, it

is not evident, nor are any guidelines given, how a

map which depicts the "cumulative damage potential

expressed as expected damage discounted to present

value" can be used for land-use planning. What land-use

policies or standards would be necessary in a very high

damage potential zone (5.1-6.0 percent) that would not be

needed in a high damage potential zone (4.1-5.0 percent)?

In general, planners do not have the professional back-

ground or time to translate the ABAG-mapped potential

losses into effective land-use policy. We conclude that

improved or more detailed seismic hazard data must be

applications-oriented to be effective.

Exemplary Local Government Programs

In the course of our discussions with local officials,

we examined three hazard mitigation programs that have

been recognized for using mapped geological hazards

information in an exemplary fashion. 1 The programs are

located in Redwood City, Riverside County, and San Jose.

Redwood City Building Division-Redwood Shores

Ordinance. In 1974, the Redwood City Council adopted

an ordinance to supplement the city's building standards

for seismic forces. The enhanced standards apply to bay

mud areas within the city and were developed by an engi-

neering consultant to the city. The standards, which have

been consistently more stringent than the Uniform Build-

ing Code, specify foundation design, lateral force design

provisions, foundation systems to resist settlement, rein-

forcement and redundancy in structural members. In

addition, a soils report and geological site investigation

are required throughout the bay mud areas.

Riverside County Planning Department-County Fault

Hazard Zones and Ground Shaking Zones. Based on

responses from the 12 jurisdictions in our review, River-

side County is unique among the other local agencies in

its regulation of hazardous areas. First, the Planning De-

partment retains considerable authority for seismic hazard

reduction whereas in other jurisdictions, this authority

resides largely within the Building Department. The

source of Riverside County's seismic hazard policies is

the 1984 safety element of the General Plan.

Second, the County requires geological reports (with

subsurface trenching) in Alquist-Priolo Special Studies

Zones, County Fault Hazard Zones (other fault zones not

mapped by the State's program but which are known to

the County Geologist), and within 150 feet of a poten-

tially active fault, as defined by the County's seismic-

Many other examples of exemplary seismie safety programs are reported in

William Spangle and Associates. Putting Seismic Safety Policies to Work.

Oakland. CA: Bay Area Regional Earthquake Preparedness Project, October
1988.

geologic maps. In addition, Riverside County applies the

Alquist-Priolo Act not only to residences but to a broad

range of structures including "retail stores, theaters,

manufacturing buildings, and public service structures,

such as civic centers, hospitals and schools, clubhouses,

churches and recreation buildings."2 Thus, the County

broadly implements the requirements of the State Alquist-

Priolo Special Studies Zone Act.

Third, Riverside County uses five general ground shak-

ing zones (I, II, III, IV, and V) which are divided into

five geological characteristics (A, B, C, D, and E). The

resulting 25 subzones determine the land-use suitability

of four types of facilities-Critical, Essential, Normal-

High Risk, and Normal-Low Risk-as shown in Figure

4.3. The less suitable a site is for a proposed project,

the greater the burden is on the developer to demonstrate

the safety of the site, mitigate the site hazards, and/or

enhance the earthquake-resisting design of the project.

These zones are indentified on maps and referenced to a

land-use suitability matrix detailing the suitability of the

four facility types within each of the 25 ground shaking

subzones. These materials are available for inspection

by builders, land developers, and prospective property

purchasers at the Planning Department. The Riverside

County approach provides specific guidelines for regulat-

ing development in hazardous areas in a straightforward

way, while reserving significant regulatory powers for

the County Planning Department.

San Jose-Nonurban Hillside Designation. In the

1970s, San Jose experienced extensive landsliding in

the northeast quadrant of the city, resulting in damage to

residences and associated infrastructure. As a conse-

quence of these landslides, San Jose purchased properties

in damaged areas and revised their general plan in 1975

to include a nonurban hillside designation. As a result,

San Jose requires site investigation in the hillside areas

and specifies reduced densities in areas above the 15 per-

cent slope line to reduce loss of life and damage to prop-

erty as well as limit the liability exposure of the city. In

addition, urban services are not provided above the 15

percent slope line. City planning staff indicate that the

hillside designation also supports the city's efforts in

reserving "greenline" areas for recreation and open space.

PROPERTY OWNERS

A number of studies have been conducted regarding the

use of geohazards information by private parties such as

individuals, banks, and real estate agents. In this section,

we report the general findings of these studies as well as

2 Ordinance No. 547. An Ordinance of the County of Riverside Implementing

the Alquist-Priolo Special Studies Zone Act. As amended. July 1, 1988.
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LAND USES LAND-USE SUITABILITY IN GROUND SHAKING ZONES

IA IB IC ID IE IIA IIB IIC IID IE IIIA IIIB NIC hid hie IVA IVB IVC IVD IVE VA VB vc VD VE

CRITICAL

Nuclear relatedsystems; major dates explo-

sives or hazardous materials manufactur-

ing, handling, or storage; hospitals and

other emergency medical facilities.

PS PS PS PS R u R u R R R R u R R R R U R R R R R R R

ESSENTIAL

Police, fire and communications systems;

Emergency Operations Centers (EOCs);

electrical power inter-tie systems; power

plants; small dams; utility substations;

sewage treatment plants; waterworks; local

gas and electric distribution lines; major

highways, bridges and tunnels; ambulance

services; public assembly with capacity of

300 or more; schools.

PS PS PS PS u u u PS R R R R u R R U R U R R R R R R R

NORMAL -HIGH RISK

Multi-family residential of 1 00 or more units;

major commercial including large shopping

centers; office buildings; large hotels; health

care clinics and convalescent homes;

heavy industry; gas stations.

s s s S PS s s S PS U PS PS s U U PS U PS U R U U PS U R

NORMAL -LOW RISK

Single-family residential; multi-family of 100

or less units; small scale commercial; small

hotels, motels; light industrial;warehousing.

s s s s s s s s S PS S PS s PS U S PS s U U PS PS S U U

EXPLANATION:

S Generally Suitable - Expected levels of ground shaking are generally less or equal to design levels as defined in the Uniform Building Code (UBC).

PS Provisionally Suitable - Expected levels of ground shaking generally exceed design levels as defined in the UBC by a factor ranging from approximately 1 to 2.

U Generally Unsuitable - Expected levels of ground shaking generally exceed design levels as defined in the UBC by a factor ranging from approximately 2 to 5.

R Restricted - Expected levels of ground shaking generally exceed design levels as defined in the UBC by a factor in excess of 5.

NOTE: This table is intended for general planning purposes. The definitions which relate ground shaking levels to the UBC and development suitability apply strictly

only to the Normal Risk Land Uses. Suitability of the Essential and Critical Categories reflects strong considerations for community safety and disaster recovery.

Detailed site investigations and engineering studies may be necessary for certain structures and uses particularly in the Critical and Essential categories.

Figure 4.3. Riverside County Planning Department matrix of land-use suitability in ground shaking zones. 1

conversations we have had with major property owner

organizations.

Research Findings

There have been several attempts to discern the respon-

siveness of property owners to seismic hazard information

in California. Three of the studies cited here measure

responsiveness by differences in behavior between areas

within Alquist-Priolo Special Studies Zones and areas

outside of these zones. As noted above, these zones

delineate areas of potential surface fault rupture and, by

1 Riverside County. Riverside County Comprehensive General Plan Environ-

mental Hazards and Resources Element Adopted by the Board of Supervisors

of Riverside County. Resolution 84-77. As amended December 22, 14X7.

association, damaging ground motions. A 1989 study

tested the relationship between objective seismic risk-

as measured by expected intensities, distance from a

special studies zone, and distance from the San Andreas

fault-and individuals' earthquake insurance purchase

decisions. The results of these studies paint a complex

picture of property owner response to seismic risk infor-

mation.

Real Estate Agents and Special Studies Zones Disclo-

sure (Palm, 1981). This survey, conducted in the city of

Berkeley and in central Contra Costa County, found that

there was "little measurable buyer response" to special

studies zones by home purchasers. In general, home buy-
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ers consider distance from an active earthquake fault to

be a much less important factor than investment potential,

price, beauty of area, views, or other factors. Distance

from an earthquake source rated about equal to access to

public transportation and location out of a flood plain, the

least important factors for in-zone buyers. Even among

buyers who knew that their home was within a special

studies zone, 50 percent indicated a belief that people

who live in the zones are not any more susceptible to

losses than those outside of the zones. This finding sug-

gests that home buyers are aware of the extensive reach

of damaging ground motion from an earthquake. Finally,

the survey found that home buyers who were aware of

their location within a special studies zone were more

likely to purchase earthquake insurance. Indeed, in-zone

buyers' responses showed that inquiring about earthquake

insurance (41 percent) and purchasing earthquake insur-

ance (24 percent) were the most common mitigation

measures adopted. Other mitigation measures such as

acquisition of emergency supplies, emergency planning,

and structural and nonstructural retrofitting were adopted

by 20 percent or less of the in-zone respondents. In sum-

mary, these findings suggest that special studies zones do

not, by themselves, motivate home buyers to significantly

alter their purchase decisions. In-zone home buyers,

however, are more likely to inquire about and buy earth-

quake insurance as a means of hedging seismic risk.

Home Mortgage Lenders, Real Property Appraisers

and Earthquake Hazards (Palm and others, 1983). This

study reviewed the decision-making by lenders and real

estate appraisers in southern and northern California and

in the Puget Sound area of Washington. The responses of

lenders are important because seismic hazards affect the

vulnerability of a lender's mortgage portfolio to losses.

This study found that 68 percent of the lenders evaluating

commercial property loans and 76 percent evaluating resi-

dential loans do not consider seismic risk. Most lenders

rank earthquakes low as a possible cause of mortgage

default, following unemployment, divorce, house fire, and

flooding. The few lenders who do consider seismic risk

and make loan modifications as a result avoid issuing

loans in high risk areas or require earthquake insurance as

a condition of the loan.

One reason lenders do not generally consider seismic

risk is perhaps because mortgage portfolios usually are

composed of properties spread over a large geographic

area. Thus, the risk of earthquake damage is spread over

many mortgages, reducing the probability of a cata-

strophic number of defaults. In addition, lending is a

competitive activity. Loan conditions and modifications

based on seismic hazards could result in a loss of market
share. Lenders may also be unwilling to add to the cost

of lending when the probability of extensive earthquake

damage appears remote.

A Test of the Expected Utility Model-Evidence from
Earthquake Risks (Brookshire and others, 1985). This

study attempted to estimate the significance that special

studies zones have on housing prices in the Los Angeles

and San Francisco Bay areas using housing market sales

data for more than 10,000 transactions in 1972 (prior to

zoning) and 1978. The study found that houses outside

of special studies zones were valued more, on average,

than houses within these zones. In addition, the model

coefficient associated with special studies zones increased

in magnitude and in terms of statistical significance in

both communities between 1972 and 1978, indicating an

increasing influence of special studies zones on property

value over that period. On average, location in a special

studies zone results in a 5.6 percent lower price in Los

Angeles and 3.3 percent lower house price in San Fran-

cisco. The authors indicate that these price differentials

correspond remarkably to the relative expected probabili-

ties of major damaging earthquakes in the Los Angeles

and San Francisco areas-a Los Angeles event is surmised

to be approximately twice as likely as a San Francisco

event.' The study concludes that the disclosure require-

ment for properties within special studies zones is effec-

tive in eliciting self-insuring behavior.

Does a Mandated Insurance Offer Affect the Propen-

sity to Purchase Earthquake Insurance? ( Palm, 1989).

This study surveyed approximately 2,500 owner-occupied

households in Contra Costa, Los Angeles, San Bernar-

dino, and Santa Clara counties in 1989 to determine

whether the state-mandated earthquake insurance offer

has affected the demand for earthquake insurance. Rele-

vant to this study, the survey results indicated that there is

little, if any, relationship between insurance purchase and

objective seismic risk-as measured by predicted shaking

intensity, distance from an active surface fault zone, and

distance from the San Andreas fault. In other words, ad-

verse selection (purchase of earthquake insurance by

those at greatest risk) does not appear to be a factor in

earthquake insurance. The study concludes that earth-

quake insurance purchase is primarily related to the

homeowner's beliefs regarding the likelihood of a major

damaging earthquake and expected damage. Although the

study does not draw any conclusions regarding how these

beliefs are formed, public information and disclosure,

presumably, influence a homeowner's perceptions of

earthquake risk.

According to the Working Group on California Earthquake Probabilities (U.S.

Geological Survey, 1988), the probability of a major earthquake in the San

Francisco Bay region is about 50%, while the combined probability of a major

earthquake on the San Jacinto or San Andreas fault in southern California is

about 80%.
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Discussions with Property

Owning Organizations

During the course or this study, we spoke with offi-

cials who represent or are keenly aware of property owner

interest in seismic hazard information, including the

Building Office Managers' Association, California

Departments of General Services and Veterans Affairs,

and the Southern California Earthquake Preparedness

Project. These discussions revealed that seismic hazard

data mapped at a regional scale (1:24,000) is not widely

desired by property owners. Building managers are more

interested in reliable site-specific information. The two

state agencies-General Services and Veterans Affairs-

do not currently use geohazards information even though

both manage the disposition of billions of dollars of prop-

erty. General Services is the property manager of most

state-owned and leased property that is occupied by state

agencies. Veterans Affairs operates the Cal-Vet Home
Loan Program which makes home and farm loans to Cali-

fornia veterans. General Services personnel further indi-

cate that earthquake insurance is not purchased due to its

high cost, the State's practice of self-insurance, and the

availability of federal disaster assistance. In the event

of a major damaging earthquake, according to General

Services, the cost for repair of damage that has occurred

to a specific state building for the first time is covered

by FEMA. This is one-time coverage only, and the struc-

ture would subsequently require earthquake insurance

unless waived by FEMA because of an unusually high

premium. In addition, the State's significant annual

budget resources can provide self-insurance funds to pay

for some damage to state facilities.

Veterans Affairs, on the other hand, has provided dis-

aster insurance (covering flood and earthquake damage)

protection for participants in the Cal-Vet program since

1973. The program is unique in that the deductibles and

insurance rates are low-$250 per occurrence and $.50 per

$1,000 value, respectively-compared to private insurance

programs. In addition, participation in the disaster insur-

ance program is a condition of receiving a Cal-Vet loan.

The Disaster Indemnity Fund was set up to provide up

to $4 million for losses. In addition, a private insurance

policy purchased by the department will provide the next

$100 million of coverage. Currently, there are approxi-

mately 83,000 mortgage contracts with a combined value

of $3 billion.

The disaster insurance program provides two benefits:

(1) participants receive disaster insurance at a favorable

cost, and (2) the budgetary resources of the State are

protected against large risks by the first-loss self-insur-

ance fund and the private insurance policy. Veterans

Affairs does not use seismic hazards information to

either estimate potential losses or set risk-based rates.

The department indicates that because properties are

located throughout the state, the probability of cata-

strophic insurance claims is small. The department esti-

mates that claims from the 1987 Whittier earthquake

totalled approximately $3 million. Claims from the 1989

Loma Prieta earthquake are still being processed but may
exceed the $4 million first-loss amount.

SUMMARY AND CONCLUSIONS

Local governments have an ongoing need for seismic

and geologic hazard information. These data are required

for long-term applications such as comprehensive land-

use planning and development approvals as well as short-

term uses such as current planning and site approvals.

Information provided by the Alquist-Priolo Special

Studies Zone and the Landslide Hazard Identification

and Mapping programs has prompted and supported

greater use of geohazards information. Our review indi-

cates that local governments can make use of improved

seismic hazard data if it is nontechnical in presentation

and applications-oriented. That is, a geological map
would not be appropriate, by itself, for planning or build-

ing department functions. Local governments are inter-

ested in ground shaking, landslides, and liquefaction but

desire hazards information that infers policies and prac-

tices for safe development and construction. Ideally, seis-

mic hazard mapping would include prescribed practices

according to the building type and hazard zone designa-

tion. However, development of this type of information

would, in fact, be precarious because (1) there is not

enough known about vulnerability and seismic hazards to

provide precise construction codes, and (2) each locality

should have ultimate responsibility for weighing commu-
nity risks and taking appropriate mitigation measures. It

may make more sense for jurisdictions to resolve issues

of risk and uncertainty by requiring information which

further delineates the hazard.

Several local officials have suggested that special stud-

ies be conducted in designated hazard zones, in much

the same way special studies are required in Alquist-

Priolo Special Studies Zones. In this way, no specific

type of construction would be excluded from a hazard

zone unless the special study identified conditions which

were impossible or impractical to mitigate from an engi-

neering or geotechnical perspective. Developers of a

particular site, therefore, would have to weigh the benefits

of the project against the costs of mitigating the hazard.

In economist's terms, the cost of the hazard would be

imputed into the total cost of the project. If disclosure to

property purchasers were required, the risk cost would

also be likely to be imputed by prospective purchasers
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into the offer price, resulting in a value which more

nearly reflects the cost of developing and operating a

property in a hazardous area. Another approach would

be to require certain construction standards within hazard

zones that could be modified if a special study found

the hazard to be benign or mitigable. This approach,

however, could result in construction practices which

overlook more hazardous conditions and which lend

unwarranted confidence to the construction standards.

In addition, establishment of threshold standards does

not allow a local official sufficient flexibility if subse-

quent information demonstrates that the standards are in-

adequate.

As indicated above, property owners (particularly indi-

vidual owner-occupiers) do make some use of seismic

hazards information either through collective property

valuation assessments or by inquiring about and purchas-

ing earthquake insurance. Public information about

seismic hazards, however, appears to influence the earth-

quake insurance purchase decisions of an entire commu-
nity rather than just those located within designated

hazard zones or nearby earthquake sources. Enhanced

risk information theoretically helps individuals make
informed decisions about seismic hazards and property

purchases. To be more effective, disclosure of hazards

should be made earlier in the purchase process, perhaps

when a property is listed for sale or before an offer is

presented by a prospective purchaser so that prospective

purchasers would be able to compute the value of the

seismic risk, before a purchase offer is made, and adjust

their bids accordingly.

Residence torn apart by fault rupture during the 1971 San Fernando earthquake. Such occurrences led to the
Alquist-Priolo Special Studies Zone Act of 1972, which introduced the concept of special studies zones to prevent
certain types of development across active faults. Photo from University of Southern California, Department of
Geological Sciences.
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CHAPTER FIVE—PROGRAM
AND POLICY IMPLICATIONS

SUMMARY OF FINDINGS

Our discussions with insurers, local government, and

property owner organizations document the need for

improved seismic hazard data. The type and use of haz-

ard information required, however, vary according to the

different purposes served by these groups.

Insurers

Insurers favor any reasonable improvements in seis-

mological, geological and engineering knowledge which

can be directly related to the earthquake insurance con-

text. Ideally, insurers desire data which describes the

probabilities of earthquake occurrence and dollar loss

damage ratios for various types of structures by zip code.

Insurers could then simply multiply the probability of

occurrence by the loss ratio for a given building type to

get an expected loss ratio. This product would be multi-

plied by the replacement value of the property to calculate

an expected loss of the structure. All expected losses

would be summed to provide an expected loss for the

portfolio. Insurers would then have an actuarially-sound

basis for estimating exposure and setting risk-based rates.

Given the large uncertainties associated with earth-

quake occurrence and associated damage, however, insur-

ers prefer information which realistically depicts the risk

associated with ground shaking, fault rupture, and ground

failure.' Several industry officials indicated in informal

discussions that hazards represented in terms of relative

risk would be preferred to data which is unjustifiably

quantitative or for which there are large uncertainties.

Local Government
Based on our discussions with local officials and a

review of seismic safety elements in local general plans,

local governments can also use improved and more

detailed seismic hazards information to support planning

and building department functions. In general, local juris-

dictions desire delineation of potential problems such as

areas of ground shaking, landslides, and liquefaction.

Probabilities associated with potential problems are not

considered useful except as reference information for

local officials. Of the standard scales used in the U.S.

Geological Survey map compilations, local governments

generally prefer information at the 1:24,000 scale. At this

scale, maps are not sufficiently detailed for site-specific

determinations but the data can be used to focus local

officials' attention on hazardous areas. Maps depicting

high-hazard zones can be used by local officials to

prompt the preparation of site-specific geotechnical

reports by developers, thus resolving the uncertainties

inherent in mapped information. In addition, general

design, engineering, and land-use provisions governing

facilities to be located within hazard zones can be devel-

oped by jurisdictions. Finally, local governments gener-

ally desire State participation in seismic hazards mapping

efforts because the State is viewed as being responsive

to their needs. Local governments also look to the State

to provide policy guidance on earthquake hazard matters

and may welcome state requirements for hazard compli-

ance because their arguments for adopting a mitigation

measure are supported by the advice of a disinterested

and authoritative body.

Property Owners
Property owners, on the other hand, must be considered

indirect users of hazard information because they are not

likely to use maps directly. Nonetheless, improved seis-

mic hazard information which is presented in a simple,

straightforward fashion does appear to influence building

siting and purchase decisions. Studies have shown that

property values and earthquake insurance inquiries appear

to be affected by the presence of Alquist-Priolo Special

Studies Zones. The series of major earthquakes begin-

ning in 1983 and the mandated offer of earthquake insur-

ance initiated in 1985 have contributed to a trend towards

higher earthquake insurance purchase rates. Thus, seis-

mic risk information, if widely disseminated, does appear

to influence risk behavior among property owners. How-

ever, even if property owners did not take advantage of

existing geohazards information, they could benefit from

improved information if it becomes part of the property

purchase and insurance decision-making process.

PROGRAM IMPLICATIONS

Our review of seismic hazards information needs of

insurers, local governments, and property owners suggests

that a hazard identification program should map areas of

ground shaking, landslides, and liquefaction. 2 We have

1 Insurers' desire for fault rupture information suggests that insurers either ( I

)

are not fully aware of the California's Alquist-Priolo maps. (2) seek fault

rupture information nationwide and responded accordingly, or (3) wish any

new fault rupture data. At any rate, fault rupture data are already available in

California through the Alquist-Priolo Special Studies Zone program.

Our findings are not without precedent. In a 1972 report of the Joint Commit-

tee on Seismic Safety, California Legislature, The San Fernando Earthquake of

February 9, 1971 and Public Policy, are recommendations for geological

information, seismic mapping, and public reports on subdivisions. In Earth-

quake Hazards Reduction: Issues for an Implementation Plan, the President's

Office of Science and Technology Policy recommended in 1978 that adequate,

detailed earthquake hazards information and guidelines for its use be prepared

for planners and decision-makers of local units of government. More recently,

a 1989 workshop on Loss-Reduction Provisions of a National Earthquake

Insurance Program conducted for the Federal Emergency Management Agency

and the Federal Insurance Administration identified four land-use planning

measures which address zoning for liquefaction, landslides, and faulting.
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observed that the maps produced by the Association of

Bay Area Governments have limited use by local officials

in identifying especially hazardous areas. In part, this is

due to the small scale of the maps (1:125,000).

We believe, however, that a principal reason the

ABAG maps are not useful in decision-making is because

they contain a large number of graduations in shaking and

damage levels which are difficult for planners and build-

ing officials to interpret. More important, however, is the

fact that these maps contain no policy guidance for local

officials. A nontechnical local official, therefore, is left

with an abundance of information-classifications of shak-

ing intensity and expected damage to various types of

structures-but no means of translating the data into effec-

tive planning or building policy.

The experience from the Alquist-Priolo Special Studies

Zone program has demonstrated that distinctive hazard

zones are more effective policy tools because (1) the most

hazardous areas are clearly outlined, (2) required practices

within the zones (such as setbacks) are specified, and

(3) uncertainties in risk information are resolved by the

required geotechnical studies. In addition, the special

studies requirement does not lock in a set of development

and construction standards. Thus, a community's plan-

ning and building standards for earthquake hazards may
remain flexible to reflect improvements in earthquake

hazards information and engineering methods. Finally,

the community's earthquake standards are also better able

to reflect the community's unique values and attitudes

towards acceptable risk.

An effective hazard zoning program would therefore

map ground shaking, landslides, and liquefaction areas

with an emphasis on high-hazard zone identification.

Ground shaking hazard zones could be based on the pres-

ence of soft clay (Uniform Building Code soil types S3

and S4).' Appropriate definitions for high-hazard areas

of landsliding and liquefaction would require develop-

ment but would be identical in concept by attempting to

focus attention on the most hazardous conditions. 2 To
meet the information needs of insurers, the geographic

boundaries of hazard zones could be tabulated into the

corresponding zip codes. Maps would be developed at

S4 soil type was added in the 1988 version to address concerns over areas of

potential shaking amplification that characterized the 1985 Michoacan earth-

quake which devastated Mexico City. The UBC describes S4 as "(a) soil

profile containing more than 40 feet of soft clay."

The State's Landslide Hazard Identification Program in the California Depart-

ment of Conservation, Division of Mines and Geology, maps areas of relative

landslide and debris flow susceptibility. The maps depict four levels of sus-

ceptibility, from least susceptible to most susceptible, and do not address

seismically-induced landslides. In addition, the most susceptible areas in one
part of the state are not directly comparable to the most susceptible areas in

another region. Thus, in theory, a low susceptibility area in one map may be

more susceptible than a highly susceptible area in another map. Liquefaction

mapping is not currently undertaken by the State.

the 1:24,000 scale in urban areas and at a smaller scale

within unincorporated areas (perhaps 1:100,000). More
important than the mapping efforts would be the pre-

scribed measures of such a program-local governments

prefer information which is readily translatable to plan-

ning and building policy. For this reason, the Alquist-

Priolo Special Studies Zone program is a useful prototype

for a more expansive earthquake hazard identification

model.

Daughter of A-P-Seismic

Hazards Studies Zones
A Seismic Hazards Studies Zones (SHSZ) program

modelled after the Alquist-Priolo Special Studies Zone

program would require:

• Delineation of SHSZs by the Division of Mines

and Geology for areas highly susceptible to ground

shaking, landsliding, and liquefaction,

• Inclusion of SHSZs in General Plans and adoption

of land-use suitability measures by local govern-

ment to regulate development within SHSZs,

• Preparation and submission of site-specific reports

to local officials along with all applications for

development approval and building permits for real

property within a delineated SHSZ, and

• Disclosure of the existence of a SHSZ encompass-

ing real property at the time the property is offered

for sale in advertisements and sales notices.

The proposed SHSZ program would differ from the

Alquist-Priolo approach in that ( 1 ) hazard zones would

include a greater range of hazards, (2) local governments

would be required to develop measures to address land-

use suitability in hazardous areas, (3) site-specific reports

would be required on all properties to be developed,

without the current statutory exemptions for single-family

dwellings in fault rupture zones, and (4) disclosure would

be required at the time real property is offeredfor sale,

rather than just prior to closing escrow, as is the current

practice.

Delineation of a broader range of hazards than fault

rupture is suggested by the responses from insurers and

local officials as well as recent experience from the 1989

Loma Prieta earthquake, which demonstrated impressive

examples of shaking amplification in San Francisco's

Marina district, landsliding in the Santa Cruz Mountains,

and liquefaction in San Francisco and Oakland (Earth-

quake Engineering Research Institute, 1990).

Local governments would be required to develop meas-

ures for addressing land-use suitability to reduce uncer-
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tainty in the development and building process and to

involve local officials directly in hazardous areas policy

setting. Local officials could adopt modified versions of

methods identified earlier in this report-specifically,

practices of Riverside County, Redwood City, and San

Jose. Integral to the local government hazards mitigation

process is the requirement that site-specific studies be

conducted on all properties within a SHSZ at the time a

development or structure is proposed. The information

generated from these reports would assure local officials

of the actual conditions within a SHSZ and would con-

tinue to expand the local official's knowledge base of

earthquake hazards. The cost of geotechnical reports is

small (approximately $1,500 to $4,000) relative to the

cost of developing most sites in California and would

assure local officials, the property owner, and future

property owners that the site has been safely developed.

Disclosure of SHSZ conditions early in the real prop-

erty sale process is important for prospective buyers so

that they can consider the earthquake hazard and risk

associated with a property. Informed buyers would then

be able to set a value on a property based on their assess-

ment of the risk and their attitudes towards earthquake

risk. In addition, early disclosure would support local

government planning objectives because the potential

uses of a property located within a SHSZ may be limited

by local officials. In addition, insurers could develop

earthquake insurance rates, using data produced by the

program, based on the implicit seismic risk. Thus, pro-

spective property owners would be advised of the earth-

quake hazard, and made aware of possible limitations of

the local planning and building departments and possible

higher insurance rates. A disclosure requirement might

contain the following language:

"Whenever real property is listed for sale by a person

who is acting as an agent for a seller of real property,

or the seller if he is acting without an agent, the seller

shall disclose in advertisements, sales notices, prop-

erty descriptions and any materials made available to

prospective purchasers the fact that the property is

within a delineated Seismic Hazards Studies Zone.

Prospective purchasers shall be advised in the disclo-

sure that uses of the property within delineated Seis-

mic Hazards Studies Zones may be limited by local

planning and building officials and that earthquake

insurance rates may differ, depending on the actual

site conditions. Prospective buyers shall be advised

in the disclosure to investigate these conditions prior

to completing a purchase of real property located

within a delineated Seismic Hazards Studies Zone."

Other Hazard Zone Measures
In addition to program elements inspired by the

Alquist-Priolo Special Studies Zone program, there are

other hazard zone measures which could enhance the ef-

fectiveness of an SHSZ program in reducing risks in espe-

cially hazardous areas. These measures could include:

• Condition eligibility for future State disaster assis-

tance on adoption of mitigation planning and meas-

ures by local government. Under federal provisions

for flood hazard zones, communities are required

to take specific measures to reduce flood hazards as

a condition of receiving federal disaster assistance.

Also, communities receiving federal disaster assis-

tance following an earthquake must develop an earth-

quake hazard mitigation plan with specific risk reduc-

tion measures as a condition of receiving future fed-

eral disaster assistance. Following the 1987 Whittier

and 1989 Loma Prieta earthquakes, the State pro-

vided hundreds of millions of dollars in disaster

assistance and reconstruction loans. In a parallel

fashion, the State could require mitigation measures

and/or the purchase of earthquake insurance for those

facilities receiving State disaster assistance. The

State could also require, in delineated Seismic hazard

zones, that other forms of State financial assistance

to local government be conditioned on mitigation

measures and/or the purchase of earthquake insur-

ance. State requirements to reduce or insure unusual

earthquake risks would result in reduced risk to prop-

erty owners and the State's financial resources.

• Provisions for special property tax assessments or

fees in SHSZs. Special assessments or fees could be

levied to support adequate engineering review for

compliance and the enhanced emergency response

needs and the greater risk posed to infrastructure as

a result of development within these zones.

• Required adoption of reconstruction ordinances.

Reconstruction ordinances could be adopted specify-

ing allowable building types and criteria for proper-

ties located within SHSZs following a major earth-

quake. This type of ordinance could regulate the

reconstruction of certain type buildings by (1) direct

regulation (prohibiting specified types), (2) establish-

ing financial disincentives such as a schedule of

building permit fees that discourage unsuitable uses

or buildings or potential earthquake impact fees,

or (3) imposing stringent design and construction

requirements for rebuilding in SHSZs.

• Risk-based earthquake insurance rates. Insurers

could be required to set earthquake insurance rates

which reflect the enhanced risk of properties located

within SHSZs. This measure would lend support to

the planning objective of reducing a community's
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earthquake risk by providing a further financial disin-

centive for locating within hazardous areas.

• Claims-reporting by insurance companies. Estimates

of actual earthquake losses to property are considered

proprietary insurance company information. The

public, however, has a legitimate scientific and pub-

lic policy interest in understanding the nature and

extent of earthquake losses. If private insurance

company claims data were made publicly available,

loss estimation technology could be improved, result-

ing in more effective earthquake hazard mitigation.

POLICY CONSIDERATIONS

The decision for the State to undertake greater efforts

towards earthquake hazard identification and mitigation,

as suggested above, is a policy issue. Generally, policy

makers may approach earthquake hazards in one of three

ways: (1) do nothing, (2) improve the effectiveness of

existing efforts, or (3) undertake new initiatives. The

recent northern California earthquake demonstrates the

need for additional hazard mitigation. Because of the

widespread geotechnical effects of this earthquake, the

need for seismic hazard mapping which delineates hazard-

ous areas of ground shaking, landslides, and liquefaction

is well demonstrated. This type of hazard identification,

however, is not a part of existing State programs. The

public policy problem of seismic hazard identification,

therefore, is a State issue, and raises questions concerning

the consequences of adopting a hazard reduction program,

the level of effort justified, and funding considerations.

We have identified for discussion below three possible

consequences of hazard zoning which directly affect the

interests of the parties studied in this report, including

inverse condemnation (local officials), changes in prop-

erty values (property owners), and adverse selection

(insurers).

State Interests in Hazard Mitigation

State efforts to identify and assess seismic hazards are

concentrated in two programs mentioned previously: the

Alquist-Priolo Special Studies Zones and Landslide Haz-

ard Identification, both under the purview of the State

Geologist in the California Department of Conservation,

Division of Mines and Geology. There are at least four

reasons why the State should be involved in hazard iden-

tification:

• State Interests. Losses from geological hazards

are borne by the State ( 1 ) when State property is

damaged, (2) in the form of assistance to local

governments, businesses, and property owners, and

(3) in the form of reduced tax revenues. Thus,

although local governments set planning and building

policy, the State has a direct interest in reducing

seismic hazards.

• Efficiency. The State currently has the programmatic

structure in place to identify geologic hazards in the

California Department of Conservation, Division of

Mines and Geology. It is more cost-efficient for

these resources to be consolidated into one organi-

zation at the state level than to have multiple local

government programs.

• State Coordination. Natural hazards do not respect

jurisdictional boundaries. In addition, hazard

mitigation activities by one jurisdiction (or the lack

thereof) affect the risk faced by another. For exam-

ple, failure to mitigate landslide hazards in one

community may affect the transportation and com-

munication links to another community. The State,

therefore, can assure coordination between juris-

dictions by providing consistent standards for

mitigating hazards.

• Local Assistance. Local government views the State

as responsive to their needs, and looks toward the

State for policy guidance and support for local

programs.

Inverse Condemnation
Inverse condemnation occurs when government activi-

ties adversely affect the value or uses of private property

so as to constitute a taking without just compensation.

Inverse condemnation typically includes instances where

the direct effects of a government activity (accidental

flooding of property) results in a taking (settlement of

structures) without just compensation. Theoretically,

inverse condemnation could result when local planning

decisions affect the use and/or values of a property. Des-

ignating a hazard zone would not, in all likelihood, con-

stitute a taking. The application of new standards limiting

the development or use of property based on a hazard

zone designation may be considered a taking. The legiti-

mate public policy purposes of protecting the health and

safety of a community, however, are likely to prevail over

arguments in favor of inverse condemnation. 1

In the First English Evangelical Church of Glendale v.

County of Los Angeles court case, the plaintiffs argued

that Los Angeles County's ordinance to disallow the

rebuilding of facilities damaged in a flood hazard zone

owned by the First English Evangelical Church consti-

1 Personal communication with Thomas Blake, Deputy Attorney General, Cali-

fornia Department of Justice, January 17, 1990.
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tuted a taking without just compensation. The U.S.

Supreme Court held that a landowner is entitled to com-

pensation when a court finds there has been an unconsti-

tutional regulatory taking. The Supreme Court then

remanded the decision to the California state courts for

a determination whether the county's action in this case

amounted to an unconstitutional taking. The state appel-

late court found that the county's ordinance was a valid

exercise of police power and was therefore not an uncon-

stitutional taking. Thus, no compensation was awarded.

On this basis, it appears that government's exercise of

police power to protect the health and safety of the public

through hazard zoning and building regulations would not

be considered an unconstitutional taking. Thus, inverse

condemnation claims based on geological hazards zoning

are unlikely to prevail.

Even if the doctrine of inverse condemnation is suc-

cessfully applied to regulation of natural hazards in

California, it would not be sufficient justification to

relieve local officials of their responsibility to protect

public safety through zoning. In fact, if public officials

knew or should have known that land-use regulation was

necessary in hazardous areas, the jurisdiction may still be

liable for damages. In addition, even if the courts do not

find the jurisdiction liable, considerable legal and court

expenses are likely to be incurred by the jurisdiction.

Thus, local officials may be criticized if they do act but

they are certain to be criticized if they don't. The differ-

ence is that jurisdictions which actively work to mitigate

earthquake hazards through hazard zone regulations, how-

ever, are supported by the public policy purpose of pro-

tecting public safety while those choosing not to mitigate

are acting defensively.

Changes in Property Values

as a Result of SHSZs
Property uses and values may change as a result of

SHSZ designation. Property located within a SHSZ may
have a diminished market value because of buyers' recog-

nition of enhanced risk and limitations on the potential

uses of the site (e.g. cantilevered decks may be prohibited

in SHSZs by local officials). Although the current prop-

erty owners may suffer a loss in value when a SHSZ
property is sold, the property would then more nearly

reflect the value of the cost posed by the earthquake risk,

in the same way that other property characteristics such

as zoning, school districts, and tax assessments are

imputed in the market value.

If hazard zones were not delineated, current property

holders might not be harmed if they were to sell the prop-

erty prior to a damaging earthquake. Prospective pur-

chasers or future property owners would be harmed if

a subsequent earthquake results in damage that could

have been mitigated by the use of hazard zoning. Thus,

providing no information does not reduce the hazard, it

simply shifts the cost burden to others. The loss in prop-

erty value resulting from a hazard zone designation would

be theoretically equal to the discounted future earthquake

losses if prospective purchasers accurately assess the

potential earthquake losses and reflect these values in bid-

ding on property. If, however, the supply of developable

properties decreases after hazard zones are established,

all current property holders will experience an increase

in value. It is also possible that a hazard zone designation

may have little effect on property values. In any case,

such a designation simply requires that the earthquake

risk, a source of potential loss in value, be reflected along

with other property characteristics.

Finally, a current property holder in a hazard zone may
in fact be harmed more by the lack of information than

by the potential loss in property values as a result of haz-

ard zoning. The additional risk information associated

with a hazard zone could persuade property owners to

take mitigating action that they would not have otherwise

undertaken. Consequently, losses could be avoided and

the potential loss in property value caused by a hazard

zone designation would be offset by the value of loss-

reducing improvements.

One condition of an efficient free market system is that

good information be widely available so that consumers

may differentiate between goods. To support an efficient

market for real property, seismic risk information should

be made available at the time the property is offered for

sale rather than at the closing of escrow, as is the current

practice. In this way, prospective purchasers are able to

factor in the seismic risk prior to bidding on the property

in the same way that other known conditions-such as age

of the electrical system, quality of area schools, and the

presence of flood hazards-are imputed to the value of a

property.

Adverse Selection

Adverse selection is a term used to describe certain

insurance purchasing behavior by individuals. Accord-

ing to theory, individuals who face the least risk will

have less propensity to buy insurance than those at great-

est risk. While this result is not wholly inconsistent with

the purposes of insurance,' insurers desire a large pool

of risks over which to distribute losses. Some earthquake

insurers are concerned that earthquake risks are subject

to adverse selection, thus limiting the pool over which to

1 Insurance provides a means of distributing risk from those unable to sustain the

potential loss by themselves to those who can, collectively, sustain the loss.



36 DIVISION OF MINES AND GEOLOGY SP 108

spread risk to a small group of high risks (U.S. Senate

Committee on Commerce, Science and Transportation,

1987). While this may be true on a national level (Cali-

fornians purchase earthquake insurance more than, say,

Texans), recent research does not support this theory on

a county level.
1

It is not clear whether designation of new

high-hazard zones would elicit a change in earthquake

insurance purchasing behavior. Adverse selection, how-

ever, is not a persuasive argument against providing

improved earthquake hazard information to the property

owners, who currently bear the majority of the risk, or

to local government, which is bound to protect the health

and safety of its constituents. The insurance industry,

perhaps in concert with government, may need to under-

take marketing activities to broaden participation in earth-

quake insurance by property owners.

In Risa Palm's 1989 study, the presence of an Alquist-Priolo Special Studies

Zone, distance from an active fault, or expected earthquake intensity, does not

correlate with the individual's decision to purchase earthquake insurance.

Rather, the decision is based on the individual's attitude toward earthquake

risk.

Considerations for Level

of Effort Required

A SHSZ program should be undertaken at a level of

effort so that its products may be useful in mitigating

damage from future earthquakes. Although we cannot

yet predict earthquakes, we can expect, based on histori-

cal averages, that earthquakes in California will occur ap-

proximately every 1 8 years for M7 and greater, and every

2 years for M6 and greater.

Not all of these events, however, will occur in densely

populated areas. Some damaging earthquakes will occur

in areas so sparse that a general hazard identification pro-

gram would provide few, if any, benefits. To be effec-

tive, therefore, a SHSZ program should delineate the

most hazardous areas in the most populous parts of the

state within the next 2 to 18 years. Accordingly, we
believe that a probabilistic assessment of fault activity

should be used in conjunction with population estimates

and population growth rates to establish appropriate staff-

ing and funding levels for a SHSZ program.

Structural collapse of an apartment complex in San Francisco's Marina District during the 1989 Loma Prieta earthquake.
While liquefaction is a hazard in the district, the duration of strong shaking was too short to induce seriously damaging
liquefaction. Most damage resulted from enhanced ground shaking triggered by the underlying soft sediments. Photo from
Earthquake Engineering Research Institute.
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CHAPTER SIX—RECOMMENDED METHODS
AND DATA FOR HAZARD ASSESSMENT

INTRODUCTION

In order to identify appropriate methods for producing

improved seismic hazard information products, current

methods of assessing ground shaking, liquefaction, and

seismically-induced landslides over large geographic

areas were reviewed. We also evaluated the adequacy

and accessibility of existing geologic data in California's

major urban areas, since it would not be economically

feasible to implement a program of hazard assessment

based entirely on the acquisition of new geologic infor-

mation. The recommendations in this chapter draw pri-

marily upon recent comprehensive review papers by the

National Research Council, the American Society of Civil

Engineers, and Professional Papers of the United States

Geological Survey. The principal conclusion is that

appropriate methods, data, and technology already exist

that can permit delineation of SHSZs in California, and

provide the insurance industry with improved data for

evaluation of exposure.

Seismic Hazard Studies Zones identify areas where

enhanced ground shaking, liquefaction, and seismically-

induced landslides are likely to occur. Delineation of

these zones can be based on simplified methods of hazard

assessment, while the more sophisticated and costly meth-

ods of hazard assessment can be used for site-specific

determinations of hazard. This chapter presents the meth-

ods and data proposed for a program which delineates

SHSZs and provides more detailed information for use

in evaluating seismic risk.

GENERAL METHODS

Enhanced ground shaking, liquefaction, and seismi-

cally-induced slope failure are hazards that primarily

depend on the response of earth materials to earthquake

shaking. Consequently, their assessment is a two-step

process. The first step involves assessing the shaking an

area can expect to experience from future earthquakes in

a time frame to be of concern to society. The second step

involves assessing the relative tendency of geologic mate-

rials throughout the area to cause the specific hazards

during seismic shaking. The former assesses the "oppor-

tunity" for the hazard, while the latter assesses the land's

"susceptibility" to the hazard. Combining the two yields

the "potential" for the occurrence of the hazard. This

general approach underlies each of the recommended

methodologies for delineating SHSZs.

Conventional probabilistic seismic hazard analysis or

hybrid methods (National Research Council, 1988) can

be used to determine expected incident ground motions

over large geographic areas, unaffected by topography

and soil conditions at the site. Accounting for both

source and path effects, this approach is now being con-

sidered for the generation of national seismic zone maps

(U.S. Geological Survey, 1989) in the forthcoming 1991

addition of the Uniform Building Code (UBC). These

methods are also incorporated into several of the earth-

quake loss models used by the insurance industry, as dis-

cussed in Chapter 3. Figure 6.1 shows a probabilistic

shaking hazard map for the contiguous U.S. As the first

step in assessing shaking related hazards, a comprehen-

sive probabilistic seismic hazard analysis should be

undertaken to determine the severity of ground motions

that can be expected throughout California.

Enhanced Ground Shaking Hazard

Ground shaking from earthquakes affects large geo-

graphic areas and accounts for nearly all earthquake

losses. Several factors determine the severity of ground

shaking at a given location. They can be characterized

as source effects (size of the earthquake, length of fault

rupture, amount of fault displacement, type of faulting,

and character of vibrational energy release), path effects

(the attenuation of ground motion with distance from the

causative fault), and site effects (either attenuation or

amplified shaking caused by topography, basin structure,

and resonance of near surface soil deposits). Site effects

are primarily responsible for enhanced ground shaking

hazard at the site.

When assessing ground shaking hazard, it is convenient

to separate the factors that control regional ground mo-

tions (source and path effects) from those that modify

these incident ground motions at the site (site effects).

In this manner, enhanced ground shaking can be viewed

as a collateral hazard that is triggered by specific geologic

conditions that are mappable at a site, similar to liquefac-

tion and slope failure.

Outside the earthquake rupture zone or epicentral area,

at distances where the ground motion is normally attenu-

ated, site effects are commonly the cause of anomalously

high ground shaking. They can be accounted for by

preparation of maps indicating the relative susceptibility

of geologic material to enhanced ground shaking. Certain

soil deposits, such as thick soft clays, are known to sig-
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nificantly amplify ground shaking. Recent examples of

this phenomenon include earthquakes affecting Mexico

City (1985), Armenia (1988), and most recently the San

Francisco Bay region (1989). Recognition of discrete

areas based on the varying response of soils to earthquake

shaking has permitted zoning of Mexico City for shaking

hazard (Figure 6.2). Mexico has incorporated the zoning

into its building code, with special provisions developed

for each zone (Inglesias, 1989).

In the United States, the UBC recognizes four soil

types in the determination of lateral force requirements

for structural design (Table 6.1). Buildings constructed

over thick soft clays must be built to resist twice the

base shear as those constructed over stiff soils or rock.

Unlike the Mexican code, the UBC soil types and associ-

ated design coefficients are determined by site-specific

geotechnical investigations rather than inferred from

mapped information. Mapped areas corresponding to

the most severe enhanced shaking hazard can be effec-

tively linked to existing code provisions, however, by

delineating areas in which S3 and S4 soil types are

known to occur.

Identifying and mapping geologic conditions likely

to contain S3 and S4 soil can be based on analysis of

existing bore hole data, and to a lesser degree, on existing

surficial geologic maps. The reliability of hazard zones

that are delineated in this manner is directly related to the

spatial density of bore-hole coverage.

Table 6. 1. Uniform Building Code site coefficients.'

Type Description Factor

S1 A soil profile with either:

a) A rock-like material characterized by a
shear-wave velocity greater than 2,500

feet per second or by other suitable

means of classification, or

b) Stiff or dense soil condition where the depth is

fewer than 200 feet.

1.0

S2 A soil profile with dense or stiff soil conditions,

where the soil depth exceeds 200 feet. 1.2

S3 A soil profile 40 feet or more in depth containing

more than 20 feet of soft to medium stiff clay

but not more than 40 feet of soft clay. 1.5

S4 A soil profile containing more than 40 feet of

soft clay. 2.0

ultiplier in the standard formula for determination of base shear,1 This factor is a m
the total lateral design force at the base of a structure. (International Conference of

Building Officials, 1988.)

Other methods that have been proposed for assessing

enhanced ground shaking hazard include mapping rela-

tive ground response either by calculation of theoretical

response factors based on detailed soil and sediment

properties, or determination of empirical response factors

by monitoring of weak-motion response from small

earthquakes and microtremors (American Society of

Civil Engineers, 1988). While having the advantage of

providing more quantitative site response factors as a

function of frequency, application of these methods for

zonation purposes is not recommended at this time. Theo-

retical approaches suffer from the requirement to accu-

rately describe the input site characteristics over large

regions to be mapped, while adequately accounting for

all physical processes contributing to site response.
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Because the utility of proposed methods has yet to be

adequately demonstrated, the soil characteristic method as

used in the UBC is recommended for the assessment of

enhanced ground shaking hazard. Research should con-

tinue, however, on theoretical and empirical methods

because they have the potential to identify new, as yet

unrecognized, hazardous site conditions.

Loss reduction measures for areas of enhanced shaking

hazard primarily include use of the lateral force require-

ments of the UBC. Other possible measures that could be

implemented if SHSZs were designated include reduced

densities of development, restrictions on construction of

high-risk structures, and more stringent design and con-

struction requirements based on the expected level of

shaking at the site. Special ordinances have been devel-

oped for some communities that supplement the UBC
requirements in high hazard areas, such as those imposed

in Redwood City for construction on the bay muds of

San Francisco Bay (William Spangle and Associates,

1988b).

Liquefaction Hazard

Liquefaction occurs when loose, water-saturated granu-

lar soil compacts during seismic shaking. Since water is

less compressible than sediments, pore pressure increases,

forcing sediment particles apart and causing the soil to

liquefy. Under these conditions, the ground deforms by

lateral movement down gentle slopes (lateral spreading),

fluid-like movement of sand and water (flow failure), and

reduced bearing capacity that can cause structures to

settle into the ground (Table 6.2). While there are sophis-

ticated methods of laboratory analysis for site-specific

assessments, areas having geologic conditions favorable

to liquefaction can be screened by using simple geologic

criteria such as the age and type of sediments, and depth

to groundwater (National Research Council, 1985).

More reliable analyses combine simple geotechnical

criteria such as grain size and penetration resistance with

geological criteria. Areas susceptible to liquefaction can

be delineated by the occurrence of geologically young

deposits characterized by the abundance of silt and sand

with minimal concentrations of gravel and clay, in regions

where the water table is within 50 feet of the ground sur-

face. These conditions can be determined by using exist-

ing geologic maps and available bore-hole data as has

been demonstrated for the Los Angeles and San Diego

areas (U. S. Geological Survey, 1985a; Woodward-Clyde

Consultants, 1982). Resulting maps show the relative

susceptibility of geologic materials to liquefaction. In

some localities in California, however, such maps would

not accurately indicate the potential for liquefaction to

occur, because some areas may never experience the

strong ground shaking necessary to trigger liquefaction

in a time frame to be of concern.

Combining regional ground shaking with liquefaction

susceptibility maps delineates areas of liquefaction poten-

tial. Relationships that indicate whether liquefaction is

possible have been well established between soil stiffness,

as indicated by the standard penetration test, and severity

of ground shaking, as determined from peak horizontal

ground acceleration (National Research Council, 1985).

This approach has been successfully used to evaluate

liquefaction potential for different sites in the San Diego

area (Woodward-Clyde Consultants, 1986). As with

enhanced ground shaking hazard zones, the most hazard-

ous liquefaction areas can be designated as special study

zones. These zones can be based on areas of high lique-

faction potential.

Methods of reducing liquefaction hazard at the site

can be categorized as removal of liquefiable material,

soil densification, pore pressure reduction strategies,

containment of liquefiable material, and various struc-

tural remedies (Table 6.3). The city of San Diego

recently adopted a liquefaction ordinance that includes

many of these methods of mitigation (Christopherson,

1986; Haley and others, 1985). Many other California

communities at risk from liquefaction hazard have no

equivalent provisions in place.

Seismically-lnduced Landslide Hazard

Landslides, or more generally, slope failures, occur

when a mass of earth material, rock, soil, and sediment,

moves down slope under the influence of gravity. Vol-

umes of material can range from a few cubic yards to

tens of thousands of cubic yards, with movements of a

few inches a year to more than 10 miles per hour. While

slope failures occur without earthquakes, they are often

initiated by ground shaking accompanying earthquakes.

The greatest loss of life from slope failure (200,000 lives)

accompanied the great 1920 earthquake in Kansu Prov-

ince, China (Sidel and others, 1985).

Delineation of special study zones for earthquake-

induced landslide hazards can be based on steepness of

slope, weakness of material, and severity of expected

shaking. The delineation of SHSZs for landslides will

require that landslide susceptibility be based on uniform

criteria for slope and strength of materials. As for lique-

faction, seismically-induced landslide potential incorpo-

rates the severity of expected shaking, and can form the

basis for delineating SHSZs.
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Table 6.2. Structures affected by liquefaction. 1

Type of Structural Instability Structures Affected

Loss of bearing capacity Buried and surface structures

Slope instabilities Structures built on or at the base of the slope

Dam embankments and foundations

Movement of liquefied soil adjacent to topographic

depressions

Bridge piers, railway lines, highways, utility lines

Lateral spreading on horizontal ground Structures, especially with slabs on grade, utility

lines, highways, railways

Excess structural buoyancy caused by high

subsurface pore pressure

Buried tanks, utility poles

Formation of sink holes from sand blows Structures built on grade

Increase of lateral stress in liquefied soil Retaining walls, port structures

1 National Research Council, 1985.

Table 6.3. Counter measures for liquefaction-prone areas. 1

1

.

Removal of susceptible material and replacement with materials of low susceptibility.

2. In-place densification by:

a) vibrocompaction

b) compaction piles

c) dynamic compaction

d) compaction grout

e) surcharging

3. Reducing potential for pore pressure buildup by

a) surface drains

b) control of water table by dewatering

c) injection and grouting

d) admixture stabilization

e) thermal stabilization

4. Soil reinforcement by:

a) vibro-replacement stone and sand columns

b) root piles and soil nailing

c) other retention structures to contain lateral displacement of soils

5. Structural remedies to resist liquefaction effects:

a) piles and batter piles

b) deep foundations or appropriate structural system to accommodate differential

ground displacements

1 National Research Council, 1985.
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Wilson and Reefer discuss aerial limits of seismically-

triggered sliding for various classes of slides (U.S. Geo-

logical Survey, 1985b). This information can be com-

bined with knowledge about the classes of slides most

readily triggered by earthquakes, and those posing the

greatest threat to public safety, to highlight the most

hazardous areas.

Current landslide mitigation programs are based on

slope angle, which is a principal criterion in most existing

grading ordinances as well as ordinances that regulate the

density of development in hillside areas. Grading ordi-

nances typically include specifications for cut and fill,

including slope angles, limitations on compaction and lift

thickness, and other engineering parameters. Such ordi-

nances have saved hundreds of millions of dollars over

the past few decades, and have estimated benefit/cost

ratios as high as 1 10:1 (Leighton, 1976). While not

specifically aimed at earthquake effects, these measures

have reduced the hazards of seismically-induced slope

failure by increasing slope stability. There are many
other landslide mitigation strategies that can be broadly

grouped as either slope stabilization or protection against

slope failure (Table 6.4). Many of these techniques go

beyond current grading ordinances, and can be effec-

tively applied in SHSZs.

WHY DESIGNATE SHSZs?

With the existence of building codes, liquefaction

ordinances, and grading ordinances, of what value is the

designation of SHSZs? First, local codes and ordinances

Table 6.4. Counter measures for landslide-prone areas (Wold and Jochim, 1989).

A. Slides and Slumps

1. Increase drainage by: a) surface methods such as ditches, regrading, and surface

sealing, b) subsurface methods including horizontal drains, vertical drains/wells, trench

drains/interceptors, cut-off drains/counterforts, drainage tunnels or galleries, blanket

drains, electro-osmosis, blasting, and surface barriers.

2. Excavation or regrading of slope: a) total removal of landslide mass, b) regrading of

slope, c) excavation to unload the upper part of landslide, or d) excavation and

replacement of the landslide toe with other materials.

3. Placement of retaining structures: a) retaining walls, b) piles, c) buttresses and

counterweight fills, d) tie rods and anchors, or e) rock bolts/anchors/dowels.

4. Planting of vegetation.

5. Soil hardening: a) chemical treatment, b) freezing, c) thermal treatment, or

d) grouting.

B. Debris Flows and Debris Avalanches

1. Source-area stabilization: a) check dams, and b) revegetation.

2. Energy dissipation and flow control: a) check dams, b) deflection walls, c) debris

basins, d) debris fences, e) deflection dams, and f) channelization.

3. Direct protection: a) Impact spreading walls, b) stem walls, and c) vegetation

barriers.

C. Rockfalls

1. Stabilization: a) excavation, b) benching, c) scaling and trimming, d) rock bolts/

anchors/dowels, e) chains and cables, f) anchored mesh nets, g) shotcrete,

h) buttresses, and i) dentition.

2. Protection: a) rock-trap ditches, b) catch nets and fences, c) catch walls, and d) rock

sheds or tunnels.
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usually operate on a site by site, case by case basis, with-

out providing a framework to apply loss reduction meas-

ures on a geographic basis. SHSZs, on the other hand,

designate potentially hazardous areas within which a

variety of loss reduction measures can be applied well

in advance of development permits. Such measures can

affect decisions on whether and how best to develop in

the site selection stage, when costs of alternatives are

lowest. Second, SHSZs highlight the most hazardous

areas within which countermeasures can go beyond local

ordinances to include many of those listed in Tables 6.2 -

6.4. Third, SHSZs can eventually provide the insurance

industry a means of improving estimates of exposure and

adjusting rates or deductibles accordingly. Linking the

increased costs of construction and insurance to a com-

mon zone would provide incentives to develop outside

high-hazard zones, lending support to loss reduction land-

use policies. Finally, designation of SHSZs would induce

many communities in California that have no hazard ordi-

nances to develop and implement them.'

ADEQUACY OF EXISTING
GEOLOGIC DATA

We identified sources of geologic information and re-

viewed their availability and adequacy for the purpose of

assessing ground shaking, liquefaction, and landslide haz-

ards. The data are grouped into subsurface and other geo-

logic data. Our principal conclusion is that the data are

abundant, and that the acquisition of new data would not

be a significant element of a program to delineate SHSZs.

Subsurface Geologic Data

During the course of this study an effort was mounted

to identify sources of geologic bore-hole data, character-

ize and evaluate the usefulness of the information content,

and develop a means of indexing these data geographi-

cally so that an evaluation of their spatial density could be

made. Three types of investigations generally involve

the drilling and logging of bore-holes: hydrologic, petro-

leum exploration, and engineering. Early agricultural

land use and water needs, the search for hydrocarbons,

followed by intense growth and urbanization in California

have resulted in hundreds of thousands of subsurface geo-

logic borings. Our evaluation concentrated on data ac-

quired over the past few decades.

The principal sources of water well data are the Cali-

fornia Department of Water Resources, the California

William Spangle and Associates (1988a) present an informative discussion

on the roles of codes, ordinances, and geologic hazard information in loss

reduction, based on experience in the San Francisco Bay community of
Portola Valley.

Water Quality Control Board, the California Department

of Health Services, and the Metropolitan Water District

of southern California. These agencies are either reposi-

tories of water well data, or have accumulated extensive

files of well log information in order to fulfill their man-

dates. Together these data account for nearly 40,000

wells located in the Los Angeles, San Francisco, and San

Diego metropolitan areas. Water well data generally in-

clude geologic descriptions of the material encountered,

which can be used to identify and extrapolate characteris-

tics of subsurface materials over large areas. It also in-

cludes information on the depth to water table, which is

required for assessing liquefaction hazard.

THUMS, a consortium of major oil companies, and the

City of Long Beach's Department of Oil Properties are

the primary sources of oil and gas wells drilled through-

out the Los Angeles basin. These wells contain valuable

information on the geologic properties of subsurface

rocks and sediments, and are unique because they provide

information at depths far greater than those reached by

water wells or engineering borings.

By far the most useful bore-hole information for

assessing seismic shaking hazards comes from engineer-

ing borings. These borings are conducted to evaluate

foundation stability for construction, and are often used to

assess seismic stability of the site. The principal sources

of this information are the California Department of

Transportation, the Los Angeles Department of Public

Works, and about a dozen major geotechnical consulting

firms. Together, these sources account for nearly 70,000

borings in the Los Angeles, San Francisco, and San Diego

metropolitan areas.

While engineering bore-hole data were not originally

acquired to assess regional earthquake hazards, they were

acquired at considerable cost spread over several decades,

and are generally available. They would cost at least

$100 million to acquire if they were not already available.

The general availability of these data is, in fact, what

makes the delineation of SHSZs technically and economi-

cally feasible.

Table 6.5 identifies the number of project sites contain-

ing bore-hole information, and provides an estimate of

spatial density for the San Diego, Los Angeles, and San

Francisco metropolitan areas.

Other Geologic Data

There exists a wealth of other geologic information for

California's principal metropolitan areas that is useful for

assessing ground shaking hazards. This includes basic

geologic and geophysical maps produced by DMG and

the USGS. DMG has mapped the entire state at a
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Table 6.5. Existing engineering and water well bore-hole sites in Los Angeles, San Francisco,

and San Diego.

Location of Number of Projects Density of Projects

Projects (per square mile)

Los Angeles: 48,000

Downtown 52
Surrounding area 16

San Francisco: 22,000

Downtown 76

Surrounding area 13

San Diego: 31,000

Downtown 68

Surrounding area 11

scale of 1:250,000, and is now mapping portions of the

state at 1:100,000 with over six times the detail. Other

maps include a special series of large-scale geologic

maps (1:24.000) covering portions of Los Angeles and

Ventura counties which is being published by the Dibblee

Foundation, and special large-scale hazard maps which

are being prepared by DMG, the USGS, and private

consulting firms under contract with local jurisdictions

or private companies. For example, liquefaction suscep-

tibility maps have been recently completed for the city of

San Diego (1986) and San Jose is currently underway.

Additionally, the National Flood Insurance Program's

flood zone maps are available, which show boundaries

of high water stands. These maps could be used to help

delineate the boundaries of geologically-recent flood

deposits, which are of particular relevance to liquefaction.

Thousands of site-specific hazard reports are currently on

file with DMG. These include site reports for schools and

hospitals under the requirement of Title 24 of the Califor-

nia Administrative Code, environmental impact reports

Collapse of the Nueva Leon apartment buildings caused by the 1985 Mexico City earthquake. The soft lake bed

deposits amplified ground motions to damaging levels at distances exceeding 200 miles from the epicenter.

Photo from Earthquake Engineering Research Institute.
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for seismically sensitive developments that fall under the

requirements of the California Environmental Quality

Act, and special investigations required for critical facili-

ties such as dams and power plants.

Finally, of particular value to slope stability analysis

are aerial photography and remote sensing data. Com-

puter processing of digital terrain models and NASA's
multi-spectral thematic mapper simulator data is currently

being used to recognize terrain susceptible to slope fail-

ure. These techniques could prove valuable in assessing

the land susceptibility to other hazards as well.

NEW ANALYSIS TOOLS

It is essential that hazard assessments utilize the new,

powerful technologies well suited for analyzing complex

physical phenomena over wide geographic areas. This

includes geographic information systems, digital image

processing systems, and knowledge-based systems tech-

nology. These technologies are gaining popularity

among local governments, and both anticipated and unex-

pected benefits are being realized. Such benefits include

1) cost savings in map production and maintenance, 2)

more thorough and effective analysis of spatial data, 3)

increased effectiveness of map products through greater

accessibility and use, and 4) greater inter-agency com-

munication and unification of policies, procedures, and

data utilization practices (Thompson, 1989).

CONCLUSIONS

The scientific methods, technology, and data exist

to systematically evaluate susceptibility to earthquake

shaking-related hazards, and to delineate zones of high

hazard potential. The existence of critical subsurface

data upon which hazard assessments will be based is for-

tuitous; otherwise, such a program would be cost-pro-

hibitive. Instead, further use of this information will

effectively increase the benefits from capital investments

made decades ago for other purposes. What is needed

is a well organized program to translate this information

into seismic hazard policy for effective land-use, con-

struction, and insurance decisions to minimize losses

from inevitable future earthquakes in California.
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Assembly Bill No. 1885

CHAPTER 1112

An act relating to earthquake insurance, making an appropriation therefor,

and declaring the urgency thereof, to take effect immediately.

[Approved by Governor September 24, 1987. Filed

with Secretary of State September 25, 1987.]

LEGISLATIVE COUNSELS DIGEST

AB 1885, Floyd. Earthquake insurance.

Existing law does not require the Department of Insurance to conduct a study

of earthquake insurance.

This bill would do so. Among other things, the bill would do all of the

following:

(1) Require the department to conduct a study of earthquake insurance and

report on the study to the Legislature, as specified.

(2) Define the purpose and scope of the study.

(3) Require the department, in conducting the study, to consult with specified

entities.

(4) Require the Department of Conservation to provide certain information

and design a specified study.

(5) Appropriate up to $150,000 to the Department of Insurance and appropri-

ate $150,000 to the Department of Conservation from the Insurance Fund for

purposes of the bill.

The bill would declare that it is to take effect immediately as an urgency

statute.

Appropriation: yes.

The people of the State of California do enact as follows:

SECTION 1 . The Department of Insurance shall conduct a comprehensive

study of issues related to the provision of earthquake insurance in the State of

California and shall prepare a report to be submitted to the Legislature. A
preliminary report to be submitted to the Legislature. A preliminary report shall

be submitted on or before December 31, 1988, and a final report on or before

December 31, 1990.

The purpose and scope of the study shall include, but not be limited to, all of

the following:

(a) A recommendation as to courses of action, including legislation or regu-

lation appropriate at the state, federal, or international governmental levels,

which should be undertaken to protect California policyholders and California

admitted insurers in the event of an earthquake.

(b) A recommendation of state policy as to the continued marketing of

earthquake coverage in this state after earthquake predictions by a reputable

individual, state, or federal agency, scientific organization, or otherwise, and

where the prediction is accorded extensive media coverage.

(c) A recommendation of state policy concerning the marketing of earthquake

insurance coverage in this state and availability of that coverage in areas of high

earthquake risk.
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Ch. 1112

(d) An analysis of the capacity of insurers to write earthquake coverage on
dwellings and contents in this state. The analysis shall also consider the capacity

of the reinsurance industry to write and cover dwelling and contents loss from the

peril of earthquakes in this state.

(e) A determination based in part on geologic hazards information provided by

the Division of Mines and Geology of the Department of Conservation as to the

dollar exposure in dwelling insurance written or that could be written on a

geographical basis, including a determination as to what areas may have a

significant overexposure*

(f) An urban geological hazards mapping study, which shall be designed by the

Division of Mines and Geology of the Department of Conservation, using what is

learned from that department's effort under subdivision (e), to improve the infor-

mation available to property owners, local governments, and to the insurance

industry regarding geologic-seismic hazards and on the severity and likelihood of

ground shaking and related secondary hazards such as liquefaction and slope

failure.

In preparing and conducting the report and study of earthquake insurance, the

Department of Insurance shall consult with the respective Chairpersons of the

Assembly Finance and Insurance Committee and the Senate Insurance, Claims,

and Corporations Committee prior to commencing the study and thereafter at least

quarterly until the final report is submitted to the Legislature. The department

shall also consult with persons who have held the office of Insurance Commis-

sioner since 1970, the Governor's Task Force on Earthquake Hazard Reduction,

the State Seismic Safety Commission, The Office of Emergency Services, the

current and past consultants to the department on probable maximum loss studies,

and other groups, individuals, and agencies as needed. The department is also

authorized to retain outside assistance in conducting the study.

SEC. 2 (a) The sum of up to one hundred fifty thousand dollars ($150,000)

is hereby appropriated from the Insurance Fund to the Department of Insurance for

the purposes of this act, for use during the 1987-88 fiscal year, the 1988-89 fiscal

year, the 1989-90 fiscal year, and through December 31, 1990.

(b) The sum of one hundred fifty thousand dollars ($150,000) is hereby

appropriated from the Insurance Fund to the Department of Conservation for the

purposes of the act, to be allocated in amounts of one hundred thousand dollars

($100,000) for the 1988-89 fiscal year and fifty thousand dollars ($50,000) for the

1989-90 fiscal year.

SEC. 3 This act is an urgency statute necessary for the immediate preservation

of the public peace, health, or safety within the meaning of article IV of the

Constitution and shall go into immediate effect. The facts constituting the

necessity are:

In order to provide available and adequate insurance coverage for protection

from the peril of earthquakes for all Californians, it is essential that the Legislature

and the Governor have and indication on the potential economic loss to the

insurance industry in the event of a major earthquake in California. Therefore, it

is necessary that this act take effect immediately.
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MODIFIED MERCALLI INTENSITY SCALE OF
1931

The first scale to reflect earthquake intensities was developed

by de Rossi of Italy, and Forel of Switzerland, in the 1880s. This

scale, with values from I to X was used for about two decades.

A need for a more refined scale increased with the advancement

of the science of seismology, and in 1902 the Italian seismologist,

Mercalli, devised a new scale on a I to XII range. The Mercalli

Scale was modified in 1931 by American seismologists Harry O.

Wood and Frank Neumann to take into account modern struc-

tural features:

I Not felt except by a very few under especially favorable

circumstances.

II Felt only by a few persons at rest, especially on upper

floors of buildings. Delicately suspended objects may
swing.

III Felt quite noticeably indoors, especially on upper floors

of buildings, but many peopoe do not recognize it as an

earthquake. Standing motor cars may rock slightly. Vi-

bration like passing of truck. Duration estimated.

IV During the day felt indoors by many, outdoors by few.

At night some awakened. Dishes, windows, doors dis-

turbed; walls make cracking sound. Sensation like heavy

truck striking building. Standing motor cars rocked no-

ticeably.

V Felt by nearly everyone, many awakened. Some dishes,

windows, etc., broken; a few instances of cracked plaster;

unstable objects overturned. Disturbances of trees, poles

and other tall objects sometimes noticed. Pendulum
clocks may stop.

VI Felt by all, many frightened and run outdoors. Some
heavy furniture moved; a few instances of fallen plaster

or damaged chimneys. Damage slight.

VII Everybody runs outdoors. Damage negligible in building

of good design and construction; slight to moderate in

well-built ordinary structures; considerable in poorly

built or badly designed structures; some chimneys bro-

ken. Noticed by persons driving motor cars.

VIII Damage slight in specially designed structures; consider-

able in ordinary substantial buildings, with partial col-

lapse; great in poorly built structures. Panel walls

thrown out of frame structures. Fall of chimneys, factory

stacks, columns, monuments, walls. Heavy furniture

overturned. Sand and mud ejected in small amounts.
Changes in well water. Persons driving motor cars dis-

turbed.

IX Damage considerable in specially designed structures;

well-designed frame structures thrown out of plumb;

great in substantial buildings, with partial collapse.

Buildings shifted off foundations. Ground cracked con-

spicuously. Underground pipes broken.

X Some well-built wooden structures destroyed; most ma-

sonry and frame structures destroyed with foundations;

ground badly cracked. Rails bent. Landslides considera-

ble from river banks and steep slopes. Shifted sand and

mud. Water splashed (slopped) over banks.

XI Few, if any, (masonry) structures remain standing.

Bridges destroyed. Broad fissures in ground. Under-

ground pipelines completely out of service. Earth slumps

and land slips in soft ground. Rails bent greatly.

XII Damage total. Practically all works of construction are

damaged greatly or destroyed. Waves seen on ground

surface. Lines of sight and level are distorted. Objects are

thrown upward into the air.

The Modified Mercalli intensity scale measures the intensity

of an earthquake's effects in a given locality, and is perhaps much
more meaningful tc the layman because it is based on actual

observations of earthquake effects at specific places. It should be

noted that because the data used for assigning intensities can be

obtained only from direct firsthand reports, considerable - time

weeks or months - is sometimes needed before an intensity map
can be assembled for a particular earthquake. On the Modified

Mercalli intensity scale, values range from I to XII. The most

commonly used adaptation covers the range of intensity from the

conditions of "I-not felt except by very few, favorably situated,"

to "XH-damage total, lines of sight disturbed, objects thrown

into the air." While an earthquake has only one magnitude, it

can have many intensities, which decrease with distance from the

epicenter.

COMPARISON OF

MAGNITUDE
AND

INTENSITY

It is difficult to compare magnitude and intensity because

intensity is linked with the particular ground and structural

conditions of a given area, as well as distance from the earth-

quake epicenter, while magnitude depends on the energy

released at the focus of the earthquake.

Richter

Magnitude

2 I-II

3 III

4 IV-V

5 VI-VII

7

8 +

Expected Modified Mercalli

Maximum Intensity (at epicenter)

Usually detected only by instruments

Felt indoors

Felt by most people; slight damage

Felt by all; many frightened and run out-

doors; damage minor to moderate

VII-VIII Everybody runs outdoors; damage moderate

to major

IX-X Major damage

X-XII Total and major damages

After Charles F. Richter. 1958. Elementary Seismology.
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INSURANCE INDUSTRY QUESTIONS
MANAGING THE INEVITABLE CONFERENCE

MAY 14-17, 1989

Insurance Business

1

.

Do you sell property and casualty insurance in California?

2. Do you sell earthquake insurance in California? Throughout the State?

3. Roughly, what proportion of your property/casualty insurance premiums are

from earthquake insurance?

4. If so, do you sell commercial lines? Earthquake insurance for dwellings?

5. Roughly, what percentage of your earthquake insurance business is for

commercial lines? Residential lines?

6. Roughly, what percentage of your company's commercial line sales of

earthquake insurance are reinsured? What percentage of the residential lines are

reinsured?

7. If so, would you continue to sell earthquake insurance for dwellings in California

if there was no legal requirement to do so?

8. If you sell earthquake insurance in California, do you aggressively market the

sale of such insurance? Why or why not?

9. Does your company plan to or anticipate increasing the earthquake insurance

portfolio?
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10. Will the recent California Supreme Court decision regarding Proposition 103
have any effect on your offering earthquake insurance? Will your company be more
aggressive or less aggressive in marketing earthquake insurance in California?

Risk Estimation

1

1

. What method do you currently use to estimate earthquake risk?

Probable maximum loss estimates

Insurance Services Office Guidelines?

Expert System?
IRAS at Stanford?

National Technical Systems?
Other?

12. Do you evaluate the earthquake risk of potential customers before issuing

earthquake insurance policies?

13. Does your loss estimation methodology use specific earth science information

(soil types, groundwater tables, slope) to generate estimates of ground shaking,

liquefaction, ground failure, and landslides?

14. Is this data used directly in estimating losses? If not, how is it used? (To

manage the company's exposure, ratesetting, or other.)

15. What is the source of the earth science data included in your methodology?
USGS?
CDMG?
Private sources?

16. Would additional or improved earth science information be useful in estimating

earthquake risk?

Insurance Questions 2 5/12/89



1 7. What type of information would be most useful?
Ground shaking?
Fault rupture?

Ground failure?

Liquefaction?

Landslide potential?

1 8. What type of information would not be useful in estimating risk?

Ground shaking?
Fault rupture?

Ground failure?

Liquefaction?

Landslide potential?

1 9. At what level of detail or scale would this information be most useful?

Regional or county level?

Postal code level?

Census tracts?

Other?

20. What format for this information would be most useful? Data identified by
Regional or county level?

Postal code level?

Census tracts?

Other?

21. In your opinion, who should provide this information?

Federal government (USGS)?
State government (CDMG)?
Private organizations?

22. Would your company be prepared to pay for this information?

Insurance Questions 3 5/12/89



RATESETTING

23. Are your earthquake insurance rates and deductibles based on loss estimation

activities undertaken by your company?

24. What is your company's primary objective in setting insurance rates? To
manage annual losses or provide coverage for catastrophic losses?

25. How are deductibles used? To minimize small but frequent losses or to provide

protection against catastrophic losses?

26. If better earth science information were made available, would it be helpful in

setting insurance rates and deductibles?

Earthquake Insurance Problems

27. In your judgment, what is the biggest problem associated with earthquake
insurance? (Adverse selection, lack of information, uncertainty, government
regulation, or other.) Why?

28. What can government (federal and state) do to alleviate this problem?

29. What can the insurance industry do?

###

Insurance Questions 4 5/12/89
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Urban Seismic Hazard mapping Program survey:
Use of seismic hazard information

by local planning and building departments

CALIFORNIA DEPARTMENT OF CONSERVATION
DIVISION OF MINES AND GEOLOGY

630 BERCUT DRIVE
SACRAMENTO, CA 95814

(916) 322-9307

[SURVEY ID#

Name:

Title:

Organization:

Address:

City: State: Zip:

Phone:

Current Uses of Seismic Hazard Information

1

.

Do you use seismic hazard information as a decisionmaking tool in the

planning process?

building department approval process?

2. Specifically, what seismic hazard information is utilized by your organization?

Alquist-Priolo Fault Zones
Landslide maps
Soils maps
Ground shaking or response zones
Liquefaction maps
Ground failure maps
Geotechnical reports prepared by consultants

Other

USHMP Survey 1 6/11/89



What is the source of the earth science data included in your methodology?
(Please check all that apply.)

U.S. Geological Survey?
California Division of Mines and Geology?
Other government sources?
Private sources?

How is this information used?

Public information

Disclosure to titleholders

Development (or site) approval

To exclude certain facility or occupancy types from hazardous areas
Plan checking
Other

What problems, if any, are there with the current uses of seismic hazard
information?

Uses of Improved or More Detailed Seismic Hazard Information

6. If improved or more detailed seismic hazard information were available to you,

what type of information would be most useful?

Ground shaking susceptibility?

Fault rupture potential and proximity to faults?

Ground failure potential?

Liquefaction potential?

Landslide potential?

7. How would this information be used?

Public information

Disclosure to titleholders

Development (or site) approval

To exclude certain facility or occupancy types from hazardous areas

Plan checking

Other
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8. What type of information would not be useful in the planning/building

department function?

Ground shaking susceptibility?

Fault rupture potential and proximity to faults?

Ground failure potential?

Liquefaction potential?

Landslide potential?

9. How might seismic hazard information be used more effectively in the
planning/building department functions?

10. What specific benefits would accrue from the use of improved seismic hazard
information?

1 1 . What adverse consequences might result?

12. What public policy implications are there on a local government level

associated with the use of improved seismic hazard information by
planners/building officials?

13. In your opinion, who should provide this information?

Federal government (USGS)?
State government (California Division of Mines and Geology)?
Local government (planning and building departments)
Private organizations?

Others?

USHMP Survey 6/11/89



14. Would your organization be prepared to pay to receive this information?
Approximately how much would you pay to receive this additional information?

Format for Improved Seismic Hazard Information

15. At what level of detail or scale would this information be most useful?

Regional or county level?

Postal code level (five digit zip codes)?
Postal carrier level (more detailed than zip code)
Census tracts?

Other?

1 6. What map scale should the data be presented in?

1 :24,000

1 :62,500

1:100,000
Other

17. Should seismic hazards be expressed in terms of

Monetary losses

Levels based on physical parameters (e.g. shaking in terms of

acceleration)

Relative levels of severity (high, medium, low)

Other

18. What type of map/information would be most useful?

Maps depicting relative susceptibility of land to specific hazards, without

regard to earthquake sources

Maps depicting relative hazards for specific earthquake scenarios

Maps depicting relative hazards of cumulative earthquake sources

USHMP Survey 4 6/11/89



19. Would statistical probabilities and levels of uncertainty be useful?

20. What level of uncertainty in seismic hazard information is acceptable for

purposes of the planning/building department function?

0-10 percent

10-25 percent

25-50 percent

greater than 50 percent

21. Seismic hazard information products would be most useful if provided in

Maps

Reports

Digital files

22. Does your organization currently use, or plan to use, geographic information

system technology in planning/building department functions?

Please return completed questionnaire to:

California Division of Mines and Geology
630 Bercut Drive

Sacramento, CA 95814
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Contacts/Interviews For Information Needs Assessment

Name Position Org Type Org Name Location
Doreen Liberto-

Blanck

Planning Director City Planning Arroyo Grande
Planning

Department

Arroyo Grande, CA

Barry Hand Principal Planner City Planning Bakersfield Planning

Department
Bakersfield, CA

Glenn Johnson Principal City

Planner
City Planning Los Angeles City

Planning

Department

Los Angeles, CA

Eugene Zeller Superintendent of

Building and Safety

City Planning Long Beach City

Planning

Department

Long Beach, CA

Gary Bonte Planner II City Planning Redwood City

Planning Division

Redwood City, CA

Jim Derryberry Deputy Director of

Planning

City Planning San Jose City

Planning

Department

San Jose, CA

Anne Moore Planning Director City Planning San Rafael City

Planning

Department

San Rafael, CA

Jene McKnight Planner County Planning Los Angeles County
Planning

Department

Los Angeles, CA

Steven Kupferman Engineering

Geologist

County Planning Riverside County
Planning

Department

Riverside, CA

Paul Schowalter Planner County Planning San Bernardino

Land Management
Dept.

San Bernardino, CA

Charles Lough Geologist/

Environmental

Planner

County Planning San Diego
Department of

Planning & Land
Use

San Diego, CA

A. Neuwal County Geologist County Planning San Mateo County
Planning

Department

Redwood City, CA

Richard Roth, Jr. Assistant

Comissioner
State Insurance California

Department of

Insurance

Los Angeles, CA

Karl Steinbrugge Structural Engineer Consultant Private Consultant El Cerrito, CA
Craig Taylor Principal Investigator Consultant Dames and Moore Los Angeles, CA
Risa Palm Principal Investigator University Institute of

Behavioral Science,

University of

Colorado

Boulder, CO

Weimin Dong Acting Associate

Professor

University Stanford University

Dept. of Civil

Engineering

Stanford, CA

Richard Bernknopf Economist Federal U.S. Geological

Survey

Menlo Park, CA

ST. Algermissen Geophysicist Federal U.S. Geological

Survey

Denver, CO

William Kockleman Planner Federal U.S. Geological

Survey

Menlo Park, CA

Don Seagraves Executive Director Insurance All Industry

Research Advisory

Council

Oak Brook, IL
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Name Position Org Type Org Name Location
Domenic Yezzi Manager Industry

Relations

Insurance Insurance Services

Office

New York, NY

Eugene Lecomte Project Director-The

Earthquake Project

Insurance National Committee
on Property

Insurance

Boston, MA

Ron Wardrop Actuarial Research
Associate

Insurance Allstate Research
Planning Center

Menlo Park, CA

Paul Lenzi Property Casualty

Operations

Insurance Continental

Insurance
New York, NY

Earl Aurelius Vice President Insurance EQE, Inc. San Francisco, CA
James Smith Vice President Insurance Fireman's Fund

Insurance Company
Novato, CA

Karen Harshaw Insurance Hartford RE
Management
Company

Hartford, CT

Stanley Covillon Vice President Insurance Industrial Risk

Insurers

Hartford, CT

Lowden Jessup Vice President Insurance Kemper Insurance San Francisco, CA
Edwin A. Simner Managing Director

Merrett Group
Insurance Lloyds of London London, England

Ake Munkhammar Vice President Insurance Skandia
International

Corporation

Stockholm, Sweden

Robert Odman Assistant Vice

President

Insurance State Farm and
Casualty

Bloomington, IL

Rachel Gulliver Consultant Gulliver Associates Northridge, CA
Thomas Tobin Executive Director State Callifornia Seismic

Safety Commission
Sacramento, CA

Richard Eisner Project Director State Bay Area Regional

Earthquake
Preparedness
Project

Oakland, CA

Geoffrey Ely Executive Director Public Building Manager's
Association

Los Angeles, CA

Bill Regensburger State Southern California

Earthqauake
Preparedness
Project

Los Angeles, CA

Ralph Maurer Staff Risk Manager State Office of

Insurance and Risk

Management

California

Department of

General Services

Sacramento, CA

Alvin James Planning Director City Planning Oakland Planning

Department
Oakland, CA
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Contacts/Meetings for Assessment of Available Bore-Hole Data

Name Position Org Type Org Name Location
Richard Harding Vice President Consultant Earth Sciences

Associates

Palo Alto, CA

Barbara Turner Director, l&HW Div. Consultant EMCON Associates San Jose, CA
Phil Benton President Consultant Benton Engineering,

Inc.

San Diego, CA

Corey Dare Senior Engineer Consultant Converse
Consultants

San Francisco, CA

Thomas Evans Vice President Consultant Converse
Consultants

Pasadena, CA

Wolfgang Roth Partner, P.E. Consultant Dames and Moore Los Angeles, CA
Raymond Rice Partner Consultant Dames and Moore San Francisco, CA
Henry Taylor Principal Engineer Consultant Harding Lawson

Associates

San Francisco, CA

Robert Broadhurst Senior Associate

Engineer

Consultant Herzog and
Associates

Mill Valley, CA

John Rice Senior Staff

Engineer

Consultant J.H. Kleinfelder and
Associates

Pleasanton, CA

Bruce Clark President Consultant Leighton and
Associates

Irvine, CA

Marshall Lew Vice President Consultant LeRoy Crandall and
Associates

Glendale, CA

John Barneich Senior Principal Consultant Woodward-Clyde
Associates

Santa Ana, CA

Don Vaughn Project Geologist Consultant Geotechnical

Exploration, Inc.

San Diego, CA

Mike Hart President Consultant Geocon , Inc. San Diego, CA
Peter Kaldveer President Consultant Kaldveer Associates Oakland, CA
Curtis Burdette Engineering

Geologist

Consultant Southern California

Soil & Testing

San Diego, CA

William Ellis Vice President Consultant Shepardson
Engineering

Associates

Santee, CA

Skip Pouncy Principal Geologist Consultant Geo Soils, Inc. Santa Ana, CA
Gerald Stone President Consultant Eberhart & Stone,

Inc.

Santa Ana, CA

Duane Lyon President Consultant Richard Mills

Associates

Rancho
Cucamonga, CA

Stevan Pekovich Retired Consultant Pacific Soils

Engineering

Harbor City, CA

Frederick Zeiser President Consultant Zeiser Geotechnical,

Inc.

Costa Mesa, CA

Jack Eagan Sr. Vice President Consultant Moore and Taber Anaheim, CA
George Larson Principal Geologist Consultant Geo Soils, Inc. Van Nuys, CA
Jim Gibboney Engineering

Associate

State California

Department of

Water Resources

Sacramento, CA

Ad Goldschmidt Senior Engineering

Geologist

State California

Department of

Transportation

Sacramento, CA

Richard McJunkin Engineering

Geologist

State California

Department of

Health Services

Sacramento, CA

Richard Sakaji Senior Sanitary

Engineer
State California

Department of

Health Services

Berkeley, CA
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Name Position Org Type Org Name Location
John Tinsley Research Geologist Federal U.S. Geological

Survey
Menlo Park, CA

Don Bourgeois Materials Engineer County Orange County
Environmental

Management
Agency

Santa Ana, CA

Paul Brewer Hazardous Waste
Specialist

County Orange County
Health Care Agency

Santa Ana, CA

Robert McVicker Associate Engineer County Orange County
Water District

Fountain Valley, CA

Bob Kroll Principal Civil

Engineering

Assistant

County Los Angeles County
Department of

Public Works

Alhambra, CA

George Brodt Civil Engineer City Los Angeles City

Department of

Water and Power

Los Angeles, CA

John Peterson Groundwater
Geologist

County San Diego County
Department of

Planning & Land
Use

San Diego, CA

Kevin Heaton Hydrologist County San Diego County
Department of

Health Services

San Diego, CA

Don Froelich Senior Engineer County Metropolitan Water
District

Los Angeles, CA

Jim Campion Senior Oil & Gas
Engineer

State Division of Oil

and Gas
California

Department of

Conservation

Sacramento, CA

Mark McQuillkin Supervising

Engineering Geol.

State Division Dam
Safety

California

Department of

Water Resources

Sacramento, CA

Jim Gamble Engineering Geol. Utility Pacific Gas &
Electric

San Francisco, CA

Don Clarke Senior Geologist City Long Beach City

Department of Oil

Properties

Long Beach, CA

Joseph Cobarrubias Engineering

Geologist III

City Los Angeles City

Department of

Building & Safety

Los Angeles, CA

Phil Daniels Data Processing

Manager
State California Water

Resources Control

Board

Sacramento, CA

Richard Brewer Associate

Environmental

Research Scientist

State California

Department of Food
and Agriculture

Sacramento, CA

Gene Hawkins Senior Geologist Utility Southern California

Edison

Rosemead, CA

John Bowman Engineering

Geologist

County San Bernardino Co. San Bernardino, CA
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